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CHAPTER VIII 


TIIK l>l’RII'I( ATI<iN OV Sl'I.I'lir KIC Al'lli 

COMMK«riAL sulphuric acid, as it is produced in the chambers, 
alwaj^Contains a number of impurities, partly owing to the raw 
material, especially the pj’rites, partly t<i the nitre, the water, 
the lead of the chambers, etc. Since this acid, if at all, is 
usually purified at the stage at which we have now arrived, viz., 
a.s chamber-acid, before Iieing concentrated, we .shall now treat of^ 
tfiis subject, although in the gieal majority of works the chamber- • 
acid is never purified, nor is there any occasion fot it. P'or the 
sake of completeness, we shall here describe also the manufacture 
of pure distilled oil of vitriol, although this already lyesuppo.ses 
the concentration of acid on a large .scale, to be sub.sequently 
described. * • • 

The hupuritics of chainbcr-acid ma)' consist of;—arsenic acid, 
arsenious acid, antimonic oxide, selenium, thallium, lead, zinc, 
iron, copper, mcrcur)-, calcium, aluminium, alkalies; further, 
sulphurous acid, nitric acid, nitrous acid, nitric oxide (in the 
presence of ferrous •sulphate), fluorine, irrg^iic .substances. 
According to Kuhicmannj for instance (Wagner’s Juhresher., 
1872, p. 253), the acid of two Harz works contai^icd togefher 
with each too g. SO,,:— 


• 



Arsenic. . . 

coons 

S. • 

0*01 7*4 

Antimony f 

00394 

^triKC 

Copper .... 

0-0013 


Iron .... 

^ 00081 • 

not C'^timated 

Zinc .... 

0-0087 

,, 

Lead . . . 

trace 

0-0231 

i 


. •. 

Most of these substances ^rccyir in too sm^l a quantity 

in the acid to be injurious, and they’ are alsd without any 
influence for moiit uses of sulphuric-acid ; Jhe lead, for instance, 
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iS almost entirOl)' precioitated on'diluting the acid, the iron 
diiring its concentration 'in the platinum still, in the shaj)e of 
pink crySjfal^of anhydrous ferric sulphate. But there are cases 
where thesd imp'uritics may cause trouble. Thus, according to 
Deufecom {I'hiin. ZcH., 1892, p. 574), a minute quantity of 
makes sulphuric acid less suitable for pickling brass 
objects. Nitric acid causes wool to be stained yellow in the 
“carbonising” process. Platinum renders the acid unsuitable 
for electrical .storage-batteries. Iron sometime.s causes a pink 
colour, which is removed by a little nitric acid, s'omctinjpg even 
by the action of atmospheric air. [This looks as if the pink- 
colour in such cases was not caused by iron, but by selenium.] 
Sorel {Fabrication, p. 414) states that selenium is prejudicial 
to the acid re(iuired for parting gold and silver. Drinkwater 
'(elnalyst, viii. p. 63) holds the same view with respect of the 
purification of mineral oils. This is confirmed by h'. Schultz 
(Chem. Zeit., 1911, p, 1109), He found that refined, white 
petroleum when agitated with concentrated sulphuric acid 
containing" SeO., turns yellow, all the more so the more acid 
is employed. In this way as little as, 0-005 per cent. ScO^ can 
be found in sulphuric acid, by shaking it up with petroleum, 
which thereby turns black ; but nitric or nitrous acid causes this 
reaction even more intensely. Benzol or benzin (0-730 sp. gr.) do 
not .show it; in the case of petroleum probably an oxidising 
action takes place. 

The only twU impurities which cause much trouble for many 
applications^f sulphuric acid are (W jvvz/r and nitrogen acids—thft 
former from' a sanitary point of view,' the latter owing to the 
fiction of the nitrogen acids on the platinum stills; and most 
methods Of purification therefore aim at the removal of these 
substances. Selenium likewise causes trouble in many cases, 
and we must treat of-it as well. 

, Methods of-Purification. 

Apart from the caso; where iinpurities arc at least partially 
removed from suljrhuric acid in the manufacturing process itself, 
e.g. the constituents of flue-dust by the Cilover tower, the iron, the 

‘ We need only point to the “becr-scarc” of 1900, censequent upon the 
mischief done by drinking beer brtjwed witli addi'ion of gigeose which had 
been prepared l 5 y means o'f sulphuric acid \yftli an extraordinarily high 
pcrcehlage of arsenic, sqnie of which remainpd in,the glucose. 
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crusts I'ormitu; in the plathiiiin stills, etc., special purifyin;^ 
processes are sometimes omii^oyeij cithJr'Uet.uisc suine iinpiirifv 
ie.^. arsenic) occurs in an unusually large quantity, or clse^because 
very pure acid is rctiuired for special purposes. Different methods 
must be employed for different cases, but the ino^ iinporjant 
of these refer to the removjil of arsenic and to that of the 
nitrogen compound.s. If acid is treated for the removal of 
arsenic b)' H.,S, nearly all the other impurities are rerrreved 
at the same timb. 

I're^tj^ently Sulphuric acid is iiniihii'. .”1 verj- slight ipiantity 
of lead sulphate and especially of selenium may cause this, nor 
is the muddiness always removed by dust chambers. The 
removal of the mud is more easil)' effected, down to a resirlue of 
abimt three milligrams jrer litre, by making the aci<l slowly 
traverse several chambers, if po.ssible in a zigzag direction. At 
Griesheim the acid is practical!)' clarified by mc;ms of a small 
tower filled with pebbles, but not fed with any liquiil, and 
interposed between the burners and the Glovers ; the dirty acid 
condcirsing here shows about Sj Tw. Coar.ser solid m;itters 
may be reiiroved by sancbfrlters, brrt these freriuemiV do not 
elTect a clarification of sulphuric acid front .selentuiVi or other 
very finely divided substances. This is such a frequent case 
that many buyers do not object to the turbid appearance of the 
acid, which in reality drres not interfere with its u.se in the jjreat 
majority of cases. Good filters for turbid sulphuric acid, ca])ablc 
of making it thoroughly limpid in every car*, are not yet 
known. 


'! /i(' I'urifuiitiou of Siilpltitric Acid from Arsenic. 

Arsenic is found,rarely, and never in more than inshgnifkant 
traces, in amtl which has been made from brimstone: mrrst of 
the latter material, indeed, is used where acid free from arsenic 
is wanted. Blend^ also fontains next to no arsenic (siif’rii, 
p. I to). On the other hand, most de.scri|rtions of pyf ites contain 
arsenic, as appears from the analyses (Quoted in ('ha|)ter II.,' 
and the acid obtained from pyrites is therefore arseiiical, but in 
very different degree.s, according to the percentar^e of arsenic in 
the pyrites and m the mode of manufacture. ^ * 

The percentage ofaT#enic in pyjites isrstated vel^' differently; 
whilst most analyses^oPthe ordinary orc.s^only show “ trtwes ” 
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\ip to fraction!; of i per cent, II.'A. Smith asserts that he has 
found much larget quantities ir. the ores mo.st commonly 
employed, yiz., in Westphalian pyrites 1-878, in Belgian pyrites 
0-943, in Spani.sh 1-651, in Portuguese 1-745, in Norwegian 
1-649 to 1-708 per cent, of arsepious acid. These analyses are 
(lecidecjly suspicious since their i-csults differ .so much from all 
others. Nor can we accept his estimations of arsenic in the 
various products of the alkali manufacture, derived from the 
original arsenic in the pyrites, his results being e.xtraordinarily 
high (details in our fir.st edition, p. 463). 

“ Stahl {Z. Chcni., 1893, p, 54), in working Spanish 

pyrites, found in the acid of the fir.st chamber 0-16 per cent. 
AsjO.,, in the second o-oi per cent., in the third 0-007 per cent, 
and in the last chamber only a trace. When working purer 
pyrites from Virginia or New F.ngland, the acid of the first 
chamber contained 0-005 per cent -'\s.,0,,, the second nothing, 
the average 0-002 per cent., all calculated on acid of 66° Be. 

Briiuning (/Vc/ox Z. Jn’rg-, <ii., U'rsr//, 1877,9. ' 42 ) states 
that the 'chamber-acid made at Oker contains on an average 
0-05 per cent, arsenic (and 0-008 per cent antimony), At. 
PTeiberg, In 1880, according to direct information, the chamber 
acid contained generally 0-02 per cent., but sometimes up to 
0-14 per cent, arsenic. Later on we shall .see how it stood there 
in 1902. 

lljelt (/Iw^V ccxxvi. p. 174) found in Westphalian 

pyrites only 0-^30, in Norwegian only traces, in Spanish pyrites 
0(1 an averipc 0-91 per cent of A.s. Of the latter there remained 
in the cinders 0-19 per cent, in the saltcake none; in the 
.hydrochloric acid: (n) pan acid of 38° Tw., 0-066 per cent; (i) 
drier of 32° Tw., 0-014 per cent This proves that the 
e\sCl,| mostly volatili.ses in the pan. So far as the sulphuric 
acid is concerned, H'jelt found, with the same Spanish pyrites, 
containing 0-91 per cent of As, for aach 109 parts of H,^S04, in 
the ' 

‘ Chamber-acid . '. . c-202 As, of which 0-040 as AsjO,. 

Glovcr-tower acid , . 0-331 - „ 0-041 „ 

Gay-Lussac-tower acid . 0-341 „ 0-132 „ 

> Acid of the last chamber '. . 0-019 

The higher proportion of^the Glover,.'tower acid comes from 
the arsenic contained in the gas; the ihcrease of arsenic acid in 
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the Gay-Lussac tower is, of course, caused by'the oxidising 
action of the nitrous vitriol. I . * 

I am informed by Mr G. E. Davis I hat, in ii;'02,,his acid 
from Rio Tinto pyrites, as it went to the sallcake ^Icpartment 
135 ’ Tw. stroiytt, contained on jin averaj;e 4-83 p'. A« per littc. 

Hehner (_/. Soc C/n'm. IufJ., 1901, p. 188) states tile averai'e 
of As.,Oj in ordinary, unpurified piritcs acid- 0-2 per cent. 

" Purified ” acid ought not to contain more than 1 part As!0,, in 
200,CXXi of acid,‘according to the .same aiithoiily. 

Acfyrding \o (j. E. Davis {C/icm. A’lve.v, xxxvii. p. 155), in 
the Glover tower all arsenic acid is re<lnced to ar.'-eniou!. .icid by 
the burner-gas, and in the (ia)'-I,nssac tower all is again 
converted into ar.seiiic acid. '1 his assertion is not in accordance 
with the analyses of Hjelt ju.st (]noted, nor with my own analyses, 
imwhich I always found both degrees of oxidation of ar.senic at 
the .same time. 

I'dlhul and I.aca.ssin found in three samples of “pure" 
commercial suljihuric acid, |icr kilogram: — I'J.Syo g.; O'jtipi 
g.; traces of .\s„03 (Wagner's Jit/tirs/’rr., |862( ji, 212) 
P'urther estimations of ijr.senic in commercial .snl^ilinric acid 
according to Schnedermann, Kerl, Filhol, etc., will be mentioned 
later on ; those of Kuhlemann have already been given, p 1039 
Of course, even with the same raw material, the arsenic ir 
the sulphuric acid will vary, according to whether the ga:*-pipt 
leading from the burners to the chambers offers more_or Ics; 
opportunity for dcpositing.ar.senical lluc.du.st, ‘In .presence o: 
a Glover tower the chambcr-acid contains rathcryess arsenic 
because a large portion of it is deposited at the bottom of tlu 
tower in the shape of mud, but the acid from the tower itse! 
may occasionally centain all the more ar.senic. 

At thc*P'reiberg smelting-works, where mixed ores contain 
ing from 2 to 2’5 per cent, of As arc employed, aliout 97 pei 
cent, of the ar.sen^ is condensed in^thc large^aml well-coolec 
tiust-chambers, describcd pp.’547 et siy.,so that theheid contains 
mostly only 0 02 per cent. of*As, only exceptionally up to O’14 ‘ 
per cent, whilst formAly it amounted to 0-25 or nven 0-5 per 
cent . . , 

' The acid made from the \n:ry,pure pyrites jinind in some 
localities in flie United States (pp. 83 t/ se(j.) i.s,*of^course, free 
ffom arsenic. 
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* On the detection and estimation of arsenic in sulphuric acid, 
«f. suprii, pp. 368 arid 377. 1. 

Action of the Arsenic eontainedin Sniphnric Acid .— 
In most cdscs where sulphuric acid is employed a small per¬ 
centage of arsenic is of no consequence—for instance, in super¬ 
phosphate, or in sulphate of soda to be 'used for alkali- or 
, glass-making. Probably sulphuric acid, when employed for 
these!' operations, is never subjected to a purifying process. In 
the latter ca.se certainly most of the arsenic passes over into 
the hydrochloric acid and can be traced there. When the 
hydrochloric acid is used for generating chlorine, the arsenic 
does no harm ; for although it probably passes over, at any rate 
partly, into the chloride of lime, it will only occur in this as the 
in.soluble and innocuous calcium ar.scniatc. Much more harm'is 
' caused by arsenic in the sulphuric or hydrochloric acid which*is 
employed in the food-industries, for instance in the manufacture 
of starch-sugar, of tartaric acid, in the fermentation of molasses, 
for pressed )'east, for washing the regenerated char of sugar- 
works, etet A. W. Hofmann has reported a poisoning-case in 
which bread was contaminated with ar.senic by the use of 
arsenical hydrochloric acid together with soda to make the dough 
rise. It is unnecessary to speak of medicinal uses, since for them 
crude sulphuric or hydrochloric acid is never supposed to be 
employed. 

But even for some purely technical uses ar.senic in sulphuric 
(or hydrochlorib) acid is not allowable—on the one hand, for 
the preparation of certain colours, for tinning iron (sheet-iron 
cleaned with' arsenical sulphuric acid is here and there covered 
jvith spots of reduced arsenic, which will not take the tin coating 
—sei; Go.^sage in Hofmann's Report h' ihe'furies, 1862, p. 12). 
According to h'alding (/. Roe. Chem. In'd., 190C, p. '403) about 
150,cxx) tons of acid 60" Be. are used in the United States for the 
pickling of iron previous to galvanising or tinning, and this acid 
must contairt less than 0 002 per cent, of arsenic. No more ii 
' lirsenic allowable in acid used ‘for the manufacture of pre¬ 
parations which .serve for food or medicine, and into which a 
portion of the arsenic might pass over. To these belong 
tartaric, citriy, phosphoric, acids, glucose, milk of sulphur, ‘ 
sulphide of atitimony,'etc. Hven in Doebereirier’s lighting- 
machines arsenical ^cid must be avoided, since the arseni- 
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uretteil nyclrogcn cvdlved *111 them woiiUl stion s|Kiil th? 
platinum spon;,'e. * It has als<jbecB obscr V(i*that ammonium suW 
phate made from ammoniacal gas-liijtior by moan^ o(*,strongly 
arsenical sulphuric acid turns yellow, no doubt* in dinsequcncc 
of the formation of sulphide ^of arsenic. It is na'utioncd in 
our third volume, iif describigg Deacon’.s chlorine proct;s.s^that 
arsenical sulphuric acid here seems to do great harm also. 

Methods oj I'niifuatioH from .-In some cases, tticrc- 
fore, it i,s of im[lbrtance for the producers of strongl)' arsenical 

acid to ifiake lA more saleable; and a number id methods of 

• 4 

purification have been proposed with this object. .None of them 
.seems to produce an acid absolnlely free from arsenic, but thev do 
so sufficiently for all practical purposes. ISloxam {I'Inirm. j. 
[2], iii. p. bob), by employing his electrolytical meyiod for the 
di^overy of arsenic, found that all samples sold as ‘'chemically 
pure’’contained trtices ol’ it, and that acid absolutel)’ free from 
arsenic cannot be obtained in any other wayyhan from pure 
sulphur dioxide and nitric oxide in glass apparatus at a low 
temperature, avoiding all cork or india-rubber ; the gd'ies them¬ 
selves mil-st be evolved coljl or at a very moderate heat. 

Campbell brown, as well as Towers ( /. Soc. ( //cw. hut., nyjg, 
p. 221), reports that sulphuric acid dissolves arsenic even out ol 
the glass bottles in which it is stored. 

Partial Deposition of the Arsenie in the Mannfielni inp.prmess 
itself .—Hardwick (/. .SVe^ them. I ml., h/i,), j). 21S) reports a 
very curious ca.se of the inji|r)' caused by burniil^ pyrites with 
an unusually high percentage of arsenic (1-7 per ceiit.). Ivvery 
part of the plant showed the presence of ar.senions oxide or 
acid, 't he acid from the Glover tower deposited large quan¬ 
tities of AsTJj in thc,shoots, connecting-pipes, acid-eggs,*cist(;rns, 
and, worst of all, in the Gay-Lussac tower where the* coke wa.s 
ultimately so much choked up with it that '.he work.s'had to be 
stopped. After ma^iy fruitiess attempts to remedy this nuisance, 
the most effectual method .for loosening the deposits df arsenious 
oxide was found to be the application of steam. To prevent 
the renewed formation‘of such deposits, it is not sufficient to 
allow the Glover tower acid to cool jnd clarify by settling out 
the mud. Better*results were obtained by heating die acid with 
strong nitric aeid whiclT^ixidiscs tljc As^fe),. to .A.s.^w., the latter 
being soluble in strong 'sulphuric acid, '^his treatment Vas 
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tarried out irf special tanks, pro/ided with 'a steam-coil for 
heating and a wattr-doil for, cooi ng, where the Glover-tower 
acid, aftpr previous settling out of all the mud removable in 
such manntr, was heated up to 82' C.; the theoretically necessary 
quantity of« nitric acid for oxidising the AsjOj to AsjO^ (as 
Siho\yn .-by an estimation of the^ As^O^ by means of iodine 
solution) was added, with good agitation, and the liquor cooled 
down with occasional agitation. In that way it became possible 
to work that highly arsenical ore without any stoppages of the 
plant, at a cost of about id. per ton of acid for stehm, apart 
'from that of the nitric acid. 

'I'he Griiflich von I.and.sberg Chemi.schc Fabrik, etc. (Fr. P. 
432874), oxidi.ses the As^O, in the gases to the non-volatile 
As.jOj, which is removed by washing the gases with acid before 
they enter the chamber.s. First the dust is removed by filtrakijOn 
through vertical chambers with sloping bottoms, filled with 
granular material which can be withdrawn below and re¬ 
plenished from above ; the gases then pa.ss through one or more 
Glover towers and then through washing-towers to the chambers, 
the acid running from the washing-towers being sent finally to 
the first Glover tower. 

Methods for keniovini^ (lU or ucar/y oil the Arsenic. 

'The following methods have been employed for the .separa¬ 
tion of arsenic from sulphuric acid :— 

(i) Distillhtkm of the sulphuric acid (Hu.ssy and Buignet, 
/^/wi,'/./c/r/,/,, clxii. p. 454) is said to effect this purpose, even 
more completely than precipitation b)’ sulphuretted hydrogen, 
provided that the arsenic is all present as arsenic acid, which 
remains'entirely behind in the residue; if, however, arsenious 
■acid be present, it is carried over with the sulphuric acid. 
Since the Sulphuric acid of commerce mostly contains arsenious 
acid, it should be treated with nitric acid jn order to convert 
all the arsenic into arsenic acid; then the acid must be mixed 
with a little ammonium sulphate (in order to destroy the 
nitrous acid) and distilled. In this casethe arsenic is asserted to 
be removed ,'Tiore completely than by sulphuretted hydrogen 
or barium sylphidc; at th^, same time the dilution of the acid, 
necessary inHhe latter case, js avoided^ But the distillation of 
sulphuric acid is aq operation somewhat difficult on the large 
4cale, and i? not applicable for the purification of chamber-acid. 
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According t8 Bloirdlot t{Com/>/a mid., Iviri. p, 76), thrf 
imployment of artimonium kulpljatc fs •objectionable, because 
yy an excess of it arsenic acin is again reduced, lie therefore 
ecommends heating the acid witli peroxide of m;»iganese or 
jotassium permanganate. Bii^ssy and Hnignet di;ny that^ an 
;xcess of ammonium sulphate reduces arsenic acid {Ci’iiiplcs 
’■end., Iviii, p. y<Si). Maxwell Lyte {iViei/i. .Xews, ix, p.’i/f:) 
says the statement of Hussy and Huignet, that arsenic doen not 
listil over unlc* present as arseidous acid, is correct; but ill 
arder to ftbtain* from the first a product Completely free from 
nitrogen* compounds, he de.stio\s the Litter by adding to the 
sulphuric acid J to 1, per cent, of oxalic acid, heating in ; 
porcelain dish to 110 C. with continuous stirring, cooling dowi 
to, too C., an<l adding potassivn bichromate in the state o 
pt^vder or as a solution in sulphuric acid, till the green colon 
has been changed to greenish yellow and the presr iice of frei 
chromic acid is thus indicated. .‘Ml the arsenic is nov 
converted into arsenic acid ; and on rlistilkftion a perfectly 
pure acid is at once olrtained. I’ermanganate rf putasi 
performs tlie same service^ hut is more expensive. 

d'he process of Men/ies, which will he descrihefl hi the nex 
chapter, is asserted to be at the same time a process fo 
removing the arsenic in the shape of arseniate of iron, but i 
does so only very imperfectl)’, as we shall sec. , 

(2; Removal of the Akschu by CiyslaUisatio)i of the Siilphuii 
Morance {Comptes rend., cxiviii. p. 84-') nakes use of th 
fact, c.stablished by Lunge, that sulphuric acid of 65 -S_t 
65°-8 He. crystallises at -20 in a pure state. He Concentrate 
the acid taken from the Glover tower to about 63 Hr 
and *llows it to stand at a temiterature from -A to +: 
for twent)**four hours, when about half of the acid wall nav 
crystallised out. The crystals are dccanjcd and cenlrifugei 
The following tabje shores the decrease of the iihpurities b 
this process;— 


• 

CrjHUls. 

Mother Littuor. 

j 

i Ash r . . 

i Iron and aluminit^m . 
j Arsenft . . » • 

{ • 

0*281 

, *<129 

. ' ^ 0.033 * 

’ (U- .. 

i o-Szg 

! o-i;o 

! 0*3^18 

« 

-f— r"”” 
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t This shown that anyhow ther(^ is <no mftpkU removal of 
arsenic effected by^ this' process, i 

(3) Removal of the Arsenic rw' Trichloride. —The trichloride 
boils at'125,*^ C. i it is therefore completely volatilised on heating, 
long before the sulphuric acid has begun to boil: this process 
can be psecl without diluting the"latter (which is in some cases a 
gledt advantage against the removal of the arsenic as sulphide). 
With this object Otto and Lowe proposed heating the acid with 
Common salt {Dingl. polyt. /., cxxxii. p. 205); Craeger, heating 
with barium chloride, becau.se the action in this case‘is not so 
rapid (//'/</., civ. p. 236); Buchner (in 1845) recorfimended 
conducting a current of hydrochloric-acid gas into boiling 
sulphuric acid, and expelling the hydrochloric acid by heating 
in the open air. Bussy and Buignet have proved that in tjris 
way acid free from arsenic cannot be obtained ; but Buchj|er 
(Chem. Ceutr., 1864, p. 600) asserts that thi,s is due to the 
presence of arsenic acid, and that an acid entirely free from 
arsenic is obtaiitol b)- first reducing the ar.senic acid contained 
in the sulphuric acid by heating it with charcoal, when the 
sulphur dioxide evolved causes the reduction ; this can also be 
done when introducing the current of hydrochloric-acid gas. If 
Buchner’s statement is correct, the trouble.somo operation of 
distilling the acid is unnecessary. Schwarz (Wagner's fahresber., 
i86j, p. 232) heats the acid for some time with 1 per cent, of 
common salt and J per cent, of charcoal dust under a chimney 
with d good (Jratight—which comes to the .same thing, and 
appears to’be more convenient; but on carrying it out on a 
large scale |i|'reat difficulties arise from the fact that the process 
does not work with dilute acid, and that after the introduction 
'ofcommon salt into concentrated acid the gla.ss retorts often 
crack. According to Tod (Liebig’s fahresber., l856,rp. 292) if a 
current of ffCl is introduced, heating to 130" to 140° is sufficient, 
while if common salt be employed the acid must be heated to 
180° to 19O1 C.,‘in order to expel the arsenic'trichloride. 

, Selmi {Jkrl. Her., it'.So, p. 206^ dilutes the acid with half ita 
volume of water, adds some lead chlou'de, and distils off the 
first portion, in which all As is contained as AsClj. Hager 
{G'tcm. Zeit. 'l\ep., 1888, p. 23^) repeats the- same proposal, 
adding that fje employment of chloroform, proposed as useful 
in tl)is operation, may lead^td dangeroKs explosions. The acid 



FROM ARSENIC 


1049 


ifter being decanted from tifc lead sulphate, is to be siibmitt(^! 
:o fractional distillation. 

In 1905 quite a miinber of patents was t.iken oTa by the 
United Alkali Company, together with several of tlrt'ir chemists, 
for the removal of arsenic from sulphuric acid in the shaye of 
arsenious chloride, and the trefltinent of the latter sub.sMnee for 
commercial use (H. I’s. J916, 7916, ibyjoridi.ijir, K'O.ii, 

17886; Amer. Ps. 846288, 863940). 'I'he acid is subjectctl in a 
suitably packecT tower to the action of drv hydrogen chloriilT- 
gas, a^ j*temp 5 rature of about 100 , [ireferably as it leaves ihe 
Glover tower. Ar.scnious acid may be obtained from th; 
chloride by alkalies or carbonates of various metal.s. 11. P. 5131 
of 1906, of Raschen, W'areing, Shores, and the United Alkali 
Company prc.scribes reducing .irsenic coin|)ounds to the 
a^ienious state by charcoal. Their H. 1 ’. 23130 of 1906 states 
that this is a slow process, and the reaction soon ceasesowing to 
selenium depositing on the charcoal. They now overcome this 
difficulty by subjecting the sulphuric acid to the combined 
action of HCl, and either sulphur or charcoal at 100 ■ r below. 
If there is still some c^eposition of selenium, this may be 
remcrved by washing with hydrochloric acid and ah o.sidising 
agent, as a hypochlorite or a chlorate. The use of sulphur in 
connection with HCl i.s only possible in the absence of selenium ; 
if such is present, charcoal + HfG must be resorted to. • 
Their Fr. P. 363947 prescribes mixing the arsenious chloride, 
obtained in the above described manner, with just suffrcicnl 
water to precipitate the selenium, which i.s filtered off; a larger 
quantity of water i.s then added to. precipitate tHe arsenious 
oxide. 

Raschen, Imissn, and the United Alkali (om^iany 
(B. P. 30196 of 1909) add to the sulphuric acid lij’drochlork 
acid in sufficient quantity to convert the arsenic iirto chloride, 
viz., 3 mols. HCl t^ each ^noleculc of .‘\s( I,, or 5 ffiol. IlCl to 
each molecule of AsClj, plus an excess fur worlcing losses, and 
maintain such conditions that the Cl*corrcsponding to the 
pentavalent As escapcifas gas, whilst the AsCl., reqjains in the 
sulphuric acid and is removed by blqwing with aif. ^ 

Crowther,ldach, and Gidden ( 1 ^. P. 20509 of ^^907) remove 
arsenic and Stienium’tby mixing^ cold •sulphuric'acjd of 140 
down to 135° Tw..wit(j a’little hydrachloriig acid (30 to 3? per 
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«nt ) and bringing it in contact fof about two hours with finely 
chvided sylphur, whereby the AsClJis reduced to AsCl,, which is 
then renwved by blowing a current of air through the liquid The 
process may be worked continuously by passing the mixtur/nf 
sulphuric and hydrochloric acid dc wn a tower packed with sulphur 
a turreri. of air being blown through, or SO, may be employed 
stead of sulphur, by subjecting the mixture of sulphurfc and 
Mrochloric acid to a stream of air containing a small quantity 
01 .'30,. Ihe air carrying the AsC), and licris first passed 
in o strong hychochlonc acid in order to deposit sulphur and 
_ eluiium and then into water, to decompose AsCI., into strong 
hydrochloric acid and precipitated As„0,,. ' ^ 

ofimfi. ^^""'1’ '''‘bnken, Mannhein (B. P. ,69,0 

llTs of^V' takes out the arsenious chlorides by 

means of hydrocarbons, glycerides, etc,, in which it is solubte 
especially rnineral oils are suitable for this, but not easily 
decomposable aliphatic glyceridtes. ^ 

077?^" Griesheini-Klcktron (B. B. 9 ;, and 

9740 i9d/, Gcr. l‘s. i948r)4and 195578; Austr. Bs 33449 and 

4022: Beg..Bs. ,9739. and 198423,; Fn B. 376934 ;1S. l"s 

cliloride or fluoride and remove it by treating with benzol or 

bm'rnr'or c 'h hydrocarbons, such as dichliro- 

K '‘tbon tetr.achloride, or acetylene tetrachloride 

wZ For'??*' TT"*' '' '^«*hingwith 

o.i percZ7 “''taining 

o iper entj Asis mixed with 06 per cent, hydrochloric acid 

*7 Be., or a corresponding quantity of fluohydric acid • 

. 0 P„ C0„,, c„bo„ i, a,,,fc5 

die ?cid for a few minutes; it is then removed and carrL all 
tne arsenic-along. When .saturated with arsenic, ft is treatS 
wj^^h twice-its weig^U of water which takes out thl arL^Ic 
This treatnientjs appliedjit Grieshchn to take out the arsenic 

bIIu*; r' applicable to adds 

acid eL Th?s r " '■"T" fco™ chamber 

acid, etc. Tks is, however, effected according to their B P 

3435 of i^;j, by adding, aparF from hydrochforic acid a little 
J HJ, the latter reduces any. As/), to As,0,. and the 
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iodine formed nets as befo|c, so that by mcars of very little 
iodine up to So |jer cent, of the arscNir c»n l)c removed froni 
chamber-acid. 

(4) Removal of Arsenic as a Soa/’. —h'or electljcaT storage- 
batteries, sulpliuric acid sliould be as free froin arsenic as 
possible. Arsonvel endeavours to attain this by^pouring 
4 or 5 c.c. of colza oil on to a litre of sulphuric acid, which 
is to form glycerine-sulphuric acid, and to prcci|)italc the 
arsenic, lead, cAa, in the form of soaps [?]. Gothard pre.scribAs 
the samt addition ; the mixture is to be shaken up, alknved. to 
stand’ior twelve hours, poured into water, and, after cooling, 
the sticky mud must be skimmed off the purillcd acid (('hem. 
Zeif 1892, p. 163). 

(5) Precipitation of the Arseni as This method, 

formerly the only one carried iiut on a manufacturing .scale, 
posse.sses the advantage that, apart from the arsenic, several 
other impurities are precipitated (such as lead, antimon)', 
selenium), and otiicrs arc destroyed (such as stflphurous, nitrous, 
and nitric acid.s). Umlerall circumstances the precipitat am must 
take place at a moderate concentration of the acid ; too highly 
concentrated sulphuric acid is decomposed by .sulphuretted 
hydrogen with separation of sulphur, according to the 
equation 

3H,S + S0,II, 4H,0 + .|S,; 

the acid must therefore be in the state of cJuamber-acid, or, 
better, not above 106“ Tw. When the arsenic is present as 
arsenic acid, it is much more slowly precipitated than when 
present as arsenious acid. 

The simplest w^y might be thought to consist in [generating 
the sulphirrctted hydrogen within the liquid it.self; jnd we sh^ll 
first consider the methods and proposals omde for this purpose. 

{a) Precipitation by , Barium Sntphidc. - Proposed by 
-Dupasquier in 1845, this process wa.? carried flut practically at 
'Chessy {Hofmann's Report by the furies, 1862, p. 12); and it 
appears to have been used at most of the French works whare the 
acid is purified at all. In this case barium sulphate and sulphur¬ 
etted hydrogen*are formed, thc^latter being in the nascent state 
and therefore*acting tgry energeticallythis pro<tss, has, more¬ 
over, the great advantage of leav'ir^ nothing soluble behind in 
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tte acid. It Ms been objected thtit thC- barium sulphide must 
ttp pure and must contain no ^thio^lphate, since otherwise the 
welI-kno\<'n decomposition between fd.^S and SO^ with separation 
of sulphur ti.kcs ‘place; this, however, is unfounded, because the 
barium thio,sulphate likewi.se precipitates the arsenic in the 
sfate ofysulphide (see below), and only an excess of it (which 
, ou|ht to be avoided in any case) would occasion the above- 
mentwned reaction, barium sulphide, according to H. F. Stahl, 
i^ most conveniently applied as follows:—The ‘acid is diluted 
to.76" or 82‘ Tw., hdated to .So C., and a solution of l^arium 
sulphide of 12" Tw. is run in at the bottom of the vessel in such 
a manner that no ll.^S escapes. The A.s.jS,, is filtered off on a 
.sand-bed, placed on a layer of ijuartz lumps, and thus the 
arsenic is reduced to 001 |)er cent, ,^.s. But as the acid on 
'Standing in the filter again takes up a little arsenic, it is treat%d 
with gaseous H.^S, and is thus reduced to 0.005 <^cnt. As, 
which result cannot be attained cither with BaS alone or with 
H.,S, but only by'the successive application of each. 

(/)) .SV/(''/’/(/(■ of iron may be employed in cases where the 
iron does no harm—for instance, for acid reriuired in the 
tinning and galvanising of iron, etc. 1 Is application, however, 
is very limited. 

{(■) Sulphide of sodium is capable of much wider application, 
jlthopgh it, too, introduces a foreign substance (sodium sulphate) 
into the acid ; this, however, is innocuous for most uses of the 
acid. It can ei»iily be made by reducing sodium sulphate with 
co;(l; and it must be added to the acid to be purified until ho 
further predpitation takes place. The filtration of the pre¬ 
cipitate will be described later on. 

(rf) Cfude calcium .'■//.)>///>/(■ (alkali-waste) <;an be used exactly 
itt the same w;iy as sodium sulphide, and with' the same 
drawback of introducing some fixed impurities, since part of the 
CaSO., remains in solution. „ 

((•) Thorxsoif (Ger. [’.'6215 of 1884) employs ammonium- 
'sulphide for precipitatibg arsenic and antimony, and at the’ 
sameiime destroying the nitrous compounds in chamber acid. 
He then filters over finely divided lead, and concentrates in the 
usilal manner. 

(/) Sodiuh and baKium thiosulphatcsduxt very much recom¬ 
mended ; fnc latter^^ is mqr^ expensive, but leaves nothing 
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soluble in the acid. The^followins; i.s tlie r'eactioh whicM 
occurs:— 

As,(),+ 3S,(),X;c - As.S3 + ,;S(),\;u 

According to W. Tliorn (Ih'i/g/. polyt. ccxvii.p. 495), the 
sodium thiosulphate is actuall^v ii.sed in some works. (IJ^ftmlrcr- 
acid of 106’ Tw. is heated to 70 to So' C., and the nece.s.sary 
quantity of the reagent, cither in solution or as powder, is well 
.stirred withTtT The arsenic sulpliide is separated in Hake.s* 
which iqon gatTicr into lumps and .sink d(hvn to the bottomjflf 
the tank ; the clear acid is drawn off; and fresh rpiantities are 
purified in the same tank, until at last there is too much 
precipitate collected at the bottom, when it is removed and 
washed. The operation is very simple ; and if an excess of the 
reagent is avoided, very little sulphur dioxirle is evolved. . In a 
particular instance, the average nercentage 1 if aT.senic in chamber- 
acid of loO' Tw., before purification, amounted to 009S per 
cent., after purification to o-extq per cent, 'lire purified acid 
contains from 0 03 to 0 04 per cent, .sodium sulphat.v, '■ hich is 
harmless for most purpo.s^s. 

in some ca.ses the presence of sodium sulphate iiftlie acid is 
objected to, especially when the strongest acid is to be obtained. 
It is therefore preferable to employ barium thiosulphate, which 
is easily obtained by mixing moderately concentrated solutions 
of sodium thiosulphate and barium chloride ; most of the barium 
thiosulphate is precipitated in a crystallfne* form and is 
separated from the worthless mother litpior on a vacuum-filter. 
The acid to be purified is heated to about ko C.^and is well 
agitated (which can be most readily done by a stream of air), 
the requisite ([uantj^y of barium thiosulphate i.s thrown in, and 
the tempefature is kept at 80 to 100 till all th^ arscn*c j,s 
precipitated. The reaction is- 

As.1t)3 + 3BS.S-0., - A,fi, + ,5lia.S'0,^ 


so that nothing soluble is left in the liqufd. The mixed mud of* 
arsenious sulphide anW barium sulphate settles ^down • very 
rapidly; it is jeparated from the acid by decantation or filtration 
and washed in order to removoi m^st of the acid^ Where fhe 
barium sulphdte is of'some value, it is easily Vecovered by 
boiling the mud rvithjnflk of lime, when tl\p arsenic fs disserved, 
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6nd can be reprecipitated from thl; solution for sale as “yellow 
arsenical glass,” wMlsP tbe residuij of barium sulphate can be 
submitted tp the usual treatment for the manufacture of barium 
chloride. This “process is actually carried out on a considerable 
scale, but k is not quite so »chcap as' the treatment with 
sulphuretted hydrogen, and doc? not seein adapted to acids 
containing a large quantity of arsenic, 

(^) Precipitation by Gaseous Ilydrogeu Sulphide .—Jhis process 
appears first hi a patent by W. Hunt (No. 1919 of 1853) and is 
that which is most usually employed on a large scale. ^ , 

- The older, now obsolete, processes used at Oker and 
Freiberg are described and illustrated in our first edition, 
pp. 469 to 473 : cf. also Knocke, Dingl. polyt. /., cliv, p. 185 ; 
Wagner’s Jahresber., 1859, p. 145. We here give only the results 
of Sehnedermann’s analyses of the acid before and after 
purification 

(a) Impure acid contained in 10,000 parts— 


Sp. Kt. 

Ar«<intou3 acitl. 

Tjcail Hulpbatf'. 

m-832 

11-86 

374 

1.837 . 

13-19 

2.85 

1-836 . 

14-ii 

5-21 

(/?) After purification, in 

I 

rt 

0 

8 

0 


•SO, 


7749-10 

HjO 


2243.54 

PbSO, (with traces of C11SO4) . 

1-72 

Na-iSO, and K„SO, 


1-35 

CaSO, . 


0-58 

FC.SO, . 


3-91 

As,0.| . 


0-31 

H.,b, 


0-49 


The acid was perfectly free from nitrogen compound.s. Sub¬ 
sequently, according Jto Kcrl, acid has been obtained containing 
no more tha'n 315 As.A, and Sb.,0,5 fogethej- and ii’28 PbSO, 
in 100,000 parti 

' According to official information obtained by me from the 
Freiberg Mining Office, the original percentage of arsenic in the 
ores burnt there averages 2 to 2 5 per cent. As. Ninety-seven 
peV cent, of this arsenic is condensed as flue-dust, and about 3 per 
cent, gets into!the chanvber acid, which before purification usually 
contains 0'b2, exceptionallyjup to 0 08 per cent, As (1902). It is 
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employed in this state in fic Gay-Lussac tower or for tl<t 
manufacture of siipcrphos-phatc., AH’oriict acid is purified, 
described below, and then contains only o ockO per cetit. As.jO.,. 

The precipitating-process used more recently at the Freiberg 
and many other works is described at great length by Rode 
{Dingl. polyt. J., cc-k\\\. p. 25 ; .Wagner's 259^; 

the following is an abstract of this, together with some notes 1 
have obtained from Freiberg and taken from actual practice in 
other places.' * ’ 

\. 4 ^eiieralton of Sulphnn'tted ffydrog'n. - For this piirp»s.» 
a matte is smelted, consisting principally of ferrous sulphide, 
FeS, in which at the same time the silver contained in the crude 
ore is concentrated to the amount of one-third of the original 
weight. The work was formerly dune in a blast-furnace (1/ our 
sicond edition, p. 645). Now the ferrous sulphide i,s made in H 
reverberatory furnace, where per twenty-four hours three or four 
batches of the f-.llowing composition are charged : 28 cwt. pyrites 
(lumps), 8 cwt. old lead slags containing 30 per cent, silica, and 
3 cwt. limestone. The consumption of coal is about 4 ouis (of 
good quality), the yield,of matte (essentially Fe.S) is on an 
average 2I tons per day. 

The matte is broken up into pieces about the size of a fist, 
and put into the sulphuretted-hydrogen generators; these 
receive 4 to 5 tons at a time, which lasts eight to ten weeks. .Then 
weak sulphuric acid of 55 77 "1 added, such as is obtained 

in washing the arsenic sulp.hide ; later on, the ;i«id njay go down 
to 32° Tw. Each apparatus daily receives 5 cwt. acid of 32 Jw. 
From 5 tons of matte 7} tons of crystallised sulphrfte of iron are 
obtained, the manufacture of which from the weak lyes takc^ 
place in the usual manner. The generators arc represented in 
Figs. 351 to 359 (pp. 1056 and 1057). They are woi*den tanksw\ 
and B, made of 3Lin. planks lined with lead and connected by 
a lead tube a. the tatjc A (5 ft.^6} in. .squarS and 5 ft. 2 
in. deep) is charged with matte after lifting off the cover, or 
through the manhole fi ; an india-rubbifr washer is then put irf, 
and the cover is tightened by thirty .screw-bolts.. The 5 cid is 

' According tq official information oBlained by me the apparatu%and 
processes described in the text wef#stiI 4 at work in 189^ and tbey^would 
appear to have*also beei^in use in 1902 ; but*a different*process, hitherto 
kept secret, is followed %t Aussig. 
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•uh in through a pipe in cover. B al.so lias a cover, birf 

vithont an india-rubber joint, a.s, it l*a< (Tlilv to receive th# 

• • 
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yng-valves, just as is the case ij'ith the ordinary laboratory 
apparatus. The tank lA'is very strongly bound with iron, which 
IS coated" with lead all over. Stcaih-pipes, c, prevent the ferrous 
sulphatif fr«ln crystallising; /serves for running the liquor off. 
On the bottom of A radially placed fire-bricks form a grate 
(^Fig. 35 j), upon which a lead sieve (Fig. 552) is laid ; and the 
mutft lies upon the latter. The lateral manholes h permit 
raking out the residue containing silver. For each 5 tons of 
thamber-acid'on an average ij cwt. of matte telionsumed. 

^ 2. Precipi/ntiou flfthc Arsenic .—The chainber-"acid oT ipd^Tw. 
i.s treated with II.^S without dilution or heating. The apparatus 
easily purifies 15 tons of acid daily by a single treatment. It is 
represented in h'igs. 360 to 366 (p. 1059). It consists of a square 
tower of 5 ft. 4 in. x 5 ft. in. section, and 16 ft. 3 in. 

1 available height, which is coii.structed in the well-known manijpr 
with a wooden framework and lead sides of 10 lb. to the square 
foot. The sulphuretted hydrogen enters at the bottom ; the air 
carried along wfth it and the steam escape at the top. The 
tower is filled with 24 tiers of A-shaped inverted lead gutters, 

in. high and as wide at the base^ made of lo-lb. lead; the 
lower edge* of the gutters have indentations of a tolerably small 
pattern (Fig. 366). Owing to this, the acid cannot run down in 
jets, but only in single drops, which, in falling upon the next 
lowty gutter, .squirt about and pre.sent a large surface to the gas. 
In each tier there are nine gutters, so arranged that the passage 
between each two'of them corresponds to the upper edge of the 
gutter in the next lower tier. They arc 3 ft. 3 in. long, and laid 
loosely on haded ledges on each side, with i in. hold on the 
latter; their vertical distance is 7 in.; the'distance between the 
'tiers, the»efore, 1 1 in. The acid runs in at ^he cover I through 
Hine'lead fgpes with funnels and regulating-cocks just over each 
of the lead gutters; there is a hydraulic lute and an oscillating 
bucket, the‘details of which are shqjvn in |'igs. 365 and 366. 
The lead gwtteiA should n%t be burnt fast in the tower, as lumps 
of arsenic sulphide odcasionally, get jammed between them. 
These can sometimes be melted and removed by letting in 
steam. 

•The strength of 106" Tw., asjndicated by Bode', is rather too 
high for speedy and complete dearsenicarfion; it is preferable to 
take.thc add only i(X)° Tw..strong. The process is hastened by 
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employing a slight.pressure ifi the piVcii)itating-to\vcr, This il 
easily done by not allowing |he g,as to eScape from tlie top of 



Fig. 360. Fig. 361. Fi^. 364. 


Fig. 366, 

the tower directly into a chimf\ey,*but glassing il^hrough a fev 
inches of water, or, pr^erably, milk of lime, which r etains an; 
H-S not absorbefi in*the»tower. * 
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Of course constant tests mustSbe rtiade to ensure complete 
purification in this Vovref, Fgr ordinary purposes it is sufficient 
to empldy a simplified Marsh test as follows:—Put some of the 
acid inlo 4-67,. bottle, closed with a cork, provided with 
an outlet-pipe drawn out to a point. A piece of pure zinc is 
jlropped in, the cork is inserted, the gas issuing is lighted (with 
the ordinary precautions against an explosion' by premature 
lighting if the gas contains air) and the flame is directed on a 
yab of porcelain, where no spot of As should be'produced. For 
mpre accurate observations the methods mentioned .w/;vr,pp. 368 
ft seq., should be employed. If a batch of acid is not found free 
from ar.scnic by the above tc.st, it mustbe pumped up and treated 
once more. This test should be repeated by the laboratory 
chemi.st before passing a batch as purified, and in cases of any 
importance the acid should be tested a third time before bei»g 
sent out. The above simple Marsli test, or the ordinary Marsh- 
Berzelius test (heating the gas in a tube, where metallic arsenic 
is deposited), doCs not detect the minutest traces of arsenic ; but 
it may be taken that any acid in which these tests do not 
indicate any arsenic is “ practically ” free from arsenic and can 
be u.sed fof all purposes, like acid made from brimstone.’ 

3. The filleriiiff and 'd'ashing of the arsenious sulphide is a 
somewhat trouble.somc operation. At Freiberg, for this purpose 
a vacuum-filter is used, which is shown in h'igs. 367 to 369 
(p, loCi). A is the vacuum-retort, B the filtering- and washing- 
vessel. The fomnl'r is a small, .second-hand steam-boiler of l ft. 
10 in. diameter and 5 ft. 7 in. length. Steam is conveyed into 
it through »froiTi a boiler; through h the air goes away along 
with the condensed water; and the cock there is only shut 
when steam has passed through for .several,minutes. Then b, 
ajnd "aftcrwf.rrls a, are shut, and the boiler is allowed*to cool for 
some time in order tp condense the steam. Then the cock c is 
opened, which connects the vacuum-rytort ai^l the space below 
the filtering>laybr in the "box B. This box has already been 
« _' This is universally doite, even for tjic purpose of manufacturing articles 
of hunvan consumption, in France, Germany, and vnosl other countries, where 
no brimstone Whatever has been used in the manufacture of sulphuric acid i 
for (Tiany years p:(st. No incoiuvnience seems ever to have been caused by 
this practice inj.hese countries; Aut ?ihce the “)jeer-scare” of 1900 many 
people in EnijlaAd demand that no acid should Be allowed ^o be used in the 
manufecture of articles of food, etef, except that njade from brimstone. 
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fiUed with the a 5 id to’be filtered, whose level is'ahvays kept at 
the same height,* lest an\' cracks be* fpriwcd in the exposed 
layer of arsenic sulphide, tArougli which air wouhl .nter and 
destroy the vacuum. By several times shutting % opening « 





31.7. 



Fir.. 3*6. 


and b, driving out the air by sfeam, and tooling down the boiler 
A, a vacuum of from le to i2i lb. may be obtained. [Probably 
less steam and labour would be expended if an air-pump w'ere 
used.] The'same vacuum-reyjrt jor air-pum*d may wtrk 
several filters, which cS*! be filled, washal, etc., atVvill, since the 
cock c permits isojatii^ tvery onc^/ them.. 
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I The filters B are made of 2-in( planks, strengthened at the 
l^ttom at e, Fig. 369,lifted with lead, 4 ft, 4 in. x 5 ft. 7 in. 
section aftd i ft. 10 in. high. A double pavement of acid-proof 
fire-briclls leaves a gutter, communicating with the burnt-on 
pipe /, This ends in an intermediate vessel C, whose cover is 
provided with connecting-tubes fpr the pressure-gauge a, and 
tht vacuum retort A, ate; takes the acid to-the receiving- 
tank t); but the pipe iii>i must be longer than the height of a 
tolumn of water forced up by the atmo.spheVib pressure, lest 
thp acid should run Over into c. Over tlic fire-bricks*' ip B is 
placed a layer 11 of broken-up quartz (Fig. 369)—pieces the size 
of a walnut at the bottom, and of finer grain higher up; over 
this there is a finely perforated sheet of lead, and on the top a 
layer of powdered arsenic sulphide ; the whole filtcring-strattun 
rises 11 1 in, above the bottom of the vessel. Where the aqid 
runs in, a piece of lead is placed so as to keep the top layer 
from being damaged. Every two or three weeks the layers « 
and w and the pfcrforated lead plate must be taken out, and the 
quartz pic/;e.s as well .as the arsenic sulphide must be rinsed in 
water. The whole plant reijuircs several pressure-apparatus 
(acid-eggs)'and a good air-pump. 

At Oker the work is done very much as at Freiberg 
(Briiuning, /’iruss. Z., etc., 1S77, p. 142); but at the former 
placf only that portion of the acid is purified which is not sold 
to large consumers, especially for superphosphate making. It 
is there thought‘be.st to dilute the acid to 97° to 100° Tw, 
{cf. p. 105S) and to assist the generation of sulphuretted hydrogen 
by injecting steam at the beginning. 

An English patent of M'Kechnic and Gentles (No. 3229 of 
25th August 1877) contains cs.sentially the .same process as is 
practised at h'reibcrg and Oker. ' 

Mr G. E. Davis informed me (1902) that at his works, the 
following process is used for dealing yith the,arsenious sulphide 
obtained in»purffying O.V. The mud is warmed up to the melt- 
'ing point of naphthalfene, paraffin, etc., and a little of these 
substances is added and the mixture wttll stirred. Afterwards 
this naphthalene m.ay bedistilled offby steam ; if paraffin is used, 
thfti may be separated by tjeattnent with amiTionium sulphide, 
or in various other ways. i' 

Riley and Barnqs (B. B,'25444 ofTgoi).recover arsenious 
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acid from the arsenious sulpjiide by heating it to about lOo' i.'. 
with nearly its o\0n weight of strong* siilflliuric acid for soiijc 
hours. The floating scum oT sulphur is removed anfl washed, 
and the acid liquor is concentrated to otAain** crj'stalli.sed 
arsenious acid. • , 

P'alding (H/iii. •hid., viii., p. 563) describes the Afiiericcyi 
practice, where lead-lined boxes are placed in fr*ont* cf a, 
Freiberg tower, as shown in Figs. 3O0 to 366 ([>. ’io59).. The 
H.jS gas is forittl through the acid in tliese boxds by means <?f 
a perfpAted pipe on the bottom, and jii.st sufficient acid is jun 
down tTic tower to prevent the escape of any of the gas. The 
pipes are connected in such a manner with the bo.xes that the 
gas can be made to pass through any one of the boxes first, 
juid that any box can be di.sconnccted from the series. The box 
s^i cut (lut is allowed to rc.st for a d.i)’ or two, and ^he As.S., i;# 
settled out so completely that three-iiuarters or more of the 
supernatant acid can be decanted without any further treatment. 
The remaining sludge of As.,S., and acid i.s* filtered through 
broken quartz of graduated sizes in leaden boxes. .[Tl.is plan 
requires pumping 1 h.S against pressure, instead of pumping the 
acid ; the former is probably more expensive thail the latter. 
But the collecting and filtering of the As.,S,, is undoubtedly less 
troublesome than in the I'reiberg tower.] 

Leroy W. M'Cay {Chem. lud., l8.Sy, p. 371) proposes facili¬ 
tating the precipitation of‘arsenic by H .S by conducing the 
operation at too under pressure and wifh .agitation. The 
application of pressure for this purpose i.s also recommended in 
Chtm. Trade J., 1905, xxxvi. p. 135. • 

Kupflerschliiger {hull. .Soe. Chiu/., xliv. p. 353) dilutes the 
acid with its own volume of water, treats with SO.^ iiT order to 
reduce any arsenic or nitric acid to arsenious or citrous acW, 
and then passes H.^S through, which cau.n s all As^ I’b, and Se 
to be precipitatq^l. Thi^ propo.sal he repeats, Vithout any 
change whatever, in Moult. .Sclent., 1S89, p. 14^4 • 

A special filter for the ;>ulphide Bf arsenic, as built by ' 
Mackenzie and M'Lauehlan, is described in Clieni. Trade J.^ 1908, 
xlii. p. 67; another, manufactured by S. Borneft f ompany, 
of Cologne, in Ghent. Zclt., 1909, p.^i 19. ^ 

Sometimts explosimis take place during the treatment with 
hydrogen sulphide. ^Tlie 4U/ Kxport of /he Alkali Inspectors 
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(g. 19) says Aat at certain stages an* explosive mixture is 
fijrraed, and not a fcw^ictidents to workmen and to plant have 
occurred from this cause. This exfilosive character of the gases 
is rendered <S?or«: by the fact that free hydrogen is given off in 
the generators from metallic iron contained in the ferrous 
sulphide employed. Moreover, if either that substance or the 
sul^hbric acid used in the generator contains arsenic, arsmi- 
uretted hydrogen will be evolved, about the extremely poisonous 
tharacter of Which it is unnecessary to speak. ‘ ‘ 

, We will now desciibe the process of purifying the Sulphuric 
acid from arsenic by means of HjS, as practised quite recently 
at one of the very best conducted Continental factories. The 
chamber acid of 53'’Bi5. = sp. gr. i'58 is heated up by steam to 
60", by which process it loses in strength, ft is now drawn 
»out of the store-tank by an injector, and in this itself it me^s 
with HjS, generated as follows: A solution of sodium sulphide 
on the one side, and sulphuric acid on the other side are 
aspirated and ptojected by an injector into a glass flask of 
merely 5 J. capacity, where, on meeting, they instantly give 
off kl^S. The evolution of this gas stops at the same moment 
when the itjjector is stopped, so that there arc never any large 
quantities of HjS to deal with. In the injector itself the HjS 
acts upon the acid to be purified, and this comes out, with all 
the arsenic suspended as As^Sj, up to a mere trace. The 
purification is purposely not driven beyond 0-005 per cent, 
arsenic, becausq, sulphuric acid, entirely free from arsenic, acts 
too strongly on the lead of the concentrating-pans (see p. 1066). 
The removal of the precipitated AsjSj from the clear acid is no 
easy task. It can be done most efficiently by pouring a little 
fused paraffin into the muddy acid, stirring jip by means of an 
ajr-b'last. (The paraffin forms with the AsjS, luilips of the 
consistency .of butter, floating on the surface of the acid and 
easily ladled off; only an ext^eme^v slighj, trace of paraffin 
rests behind The lumps* of paraffin -)• AsjSj are treated with a 
oolution of sodium sulfAiide; the paraffin floats on the top, and 
can always be used over again. The solution of s^ium 
sulpharsenite is decomposed by sulphuric acid, and the AsjS, is 
nov easily filtered off. ll is ^washed, dried,' atid heated to 
150°, which cfetses it to frit together; is'this state it goes out 
for sale. 
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In the Chem. Timk ij)06, xxxviii. i)p. 87 to 88, there ij^a 
description of the dearsenication of sulfjhuric acid, with^a 
drawing, which practically* agrees with the preceding. We 
here note merely that the acid is (learsenic;ftedVt ^ 10 Tw., 
and 90 per cent, of it is recovered at 108 Tw., jbout 10 per, 
cent, at 50" to 60 Tw., by rt^ason ot the water used in^svashing 
the precipitate. It must not be allowed to get belofv ibo* or, 
say lOS Tw., as then the iron would be attacked. 0 n the 
other hand, abb»e 112 Tw. it is difficult to prcciifitate the whoTc 
of thf %rseni?. The sulphide of arsenic.*, after washing, iji a 
fairly 3 ry state contains 


Arsenious sulphide, ASoS ; . 

. 43 '^^- 

5i-:o 

Free sulphur 

17*03 

6*00 

Antimonious sulphide 

. Ml 

i'40 

Lead sulphide 

076 

0-38 

Hisnuith sulphide . 

• 0’35 

• O'29 

Copper sulphide 

Ferrous sulphide 

0-69 

1-S7 

0*22 

6*02 

Calcium sulphate . 

0^90 

0-13 

Sulphuric acid 

14-20 

. 3*00 

Organic substances, im^oluhles 

. 2*01 

^ 6-(X> 

Water, etc. . . • • 

18'06 

5*00 

• 

lOO-CXJ 

, W-t ’4 


It is very poisonous and should not be |iut on the waste heap. 
The small quantity produced at each works sometimes causes 

a difficulty in utilising it. • 

According to the same source, p. 90, a sample of ordinary 
commercial sulphuric acid of 140 1 w. was lou»id to contain . 


Arsenious oxide, As.O,; 

Arsenic oxide, AsoO.., 
Hydrochloric acid, HCl 
Nitrous<:ompounds, NjO.. 

* Ferrous sulphate . • 

Aluminium sulphate, At, (.SO,). 
Pb, Zn, Cu, Sb, Hi, Sc 


rJniiii per litre. 

. i-n 
. 2'56 
o-o8 , 

. 0*32 

0 * 5 ^ 

. 0^6 

. traces 


In the same journal, 1908, xlii. V- 60, it is stated that the 
above-described dearsenicating plant is»manufactured by Davie. 
Brothers, 66 Deansgate, Manchester, that it has-been qrected 
in many works in England, and^ has been recently further 

improved. 

The evolution of Sulphuretted hydrogens wherCVio such matte 
(FeS) as made at.Freibtrg is obtamable, ca^i be prodfleed cheaply 
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with soda-waste, where an alkalifWorkSi is near. Hartmann 
(Qer, P. 9275) prochices'this gas by passing pyrites-kiln gas 
through i cupola furnace filled with red-hot coke. When the 
temperature® has‘ fallen, the current of SO,, is interrupted and 
> air is blown into the coke till the heat rises again. Or else the 
iippurc "SOj is mi.xed with the vvapours 06 hydrocarbons and 
passed through a red-hot retort. 

At'an American works 1 found prepared for the above 
olTject from dilute sulphuric acid and sodium' Sulphide manu- 
faefured for this purpbse. ' 

, Whitehead and Gelstharpe (li. 1 ’. 18940 of 1894) obtain H.2S 
for this purpose by treating liiiuid from partially oxidised vat- 
waste with IlCl. The mixture thus evolved, containing H.,S, 
SOj [!] and atmospheric air, is said to act better than pure 
'air. [This nrocc.ss is not patentable. The employment of vaj;- 
waste for this purpo.se has been expressly mentioned in this 
connection in my treatise which appeared in 1891 {cf. p. 1066); 
nor is the partial bxidation patentable, since vat-waste, such as 
would be available, always has been, and always will be, partially 
oxidised ; nor is it e.sscntial whether the wa.ste itself, or the 
yellow liqudr draining from it, is employed. The assertion that 
SO,, occurs in these gases at the same time as l US is of course 
wrong, since it is not the question of mere traces. The 
apparatus described b\’ the inventors presents no specially 
remarkable feature.s.] 

A very furic^is'observation has been communicated to me 
from a thoroughl)' trustworthy side, and it is confirmed by the 
description given, suprii, p. 1064. If the treatment with gaseous 
hydrogen sulphide is continued to the point that the last trace 
0/ arseHu*isprecipitated \\n which case much,free H^S must be 
piesent], the acid cannot be boiled down in lead pahs without 
risk of destroying them. Sometimes, not always, this takes 
place when the concentration rcacljes sp. gr. I'bj. First a 
white crust fe fofmed at flie line where the acid and the air 
* (fleet; this eats furthef' down aqd suddenly the pan falls to 
powdar. If after noticing the first signs the pan is emptied, 
washed out, anfi used as a weak ” pan, this will do; but when 
used as a “ strong pan ” tljc ([pstruction goes on even with 
ordinary acidr [This behaviour reminds one of the sudden 
conversion of metallic tin iiitb a grey powdej which is some- 
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times observed. W’liere jKessler oven.s are employed /or 
concentrating the dearsenicatcd,acid,'./*('fiiipter IX., the abi^ve 
inconvenience will not be felt.] • 

The co.st of treating a ton of acid for the i 7 ,'m(%’al"of arsenic 
may be taken at about 5s.« if the ferrous sulphide, etc, has» 
to be bought and (be b_\ -prq(lucts arc not utili.sed. It'ma) |)e 
considerably * reduced by making ferrous sulphide* as* above,* 
described, or employing some other chca]) source of IK.S, and 
by utilising thc'ferrous sulphate formed in the *prt)cess ; and*if 
the a/^enious sulphide can be sold to Advantage, there yiay 
be even a slight profit in the purifying o|ieration. . 

Notoriously much of the acid sold in Ifnglaiul as “ brimstone 
acid" is not made from brimstone, but from spent gas-o.xide or 
from pyrites, and is merely dearsenicated in the latter case b)’ 
jjulphurctted hydrogen as described above. Of, cour.se th» 
treatment also removes all nitr<>gcn conpiounds, learl, selenium, 
copper, etc, so that this acid, if pro])crl\’ purified, is really purer 
than real brimstone acid, e.xcept, of cours?, as rcgartls iron. 
The acid coloured brown by the previous irroccssc* (especially 
where the Gay-I.us.sac yrwer has been packed w'ith somewhat 
soft coke) is rendered much lighter in colour by tlie precipita¬ 
tion of the arsenious sulphide. 

I’lirijiutlioit nf lilt’ Siilphiiric Acitl frinii Xitrogcn 
t h’/i/rs. 

Already, when treating of the purificatioti f>{ si^lphuric acid 
from arsenic, it has been stated that mostly by the same op,era- 
tion the nitrogen compounds are removed, and this is always 
the case when sulphuretted hydrogen is employed for th^t 
purpose. In most works, however, no such purificjtion^ from 
arsenic ta1<es place; and for most uses of the vitrfrjl the small ' 
proportion of nitrogen comirounds which it ccnitains is so 
unimportant that,their ri^oval is not called for. * In all cases, 
however, where sulphuric acid has to be concenfrated in platinum 
apparatus, it must be purifier! as much Ss possible from nitrogdh* 
acids, since otherwi.'tfe the platinum, as will su\jsequeiitly be 
described, wrpuld be much more strrjngly acted i;pon. 

I. PurificattoH hy Sulphur-^iox^de. —I’aycn ^as proposed a 
contrivance for this object. This is ^a cover ^ver the first 
boiling-down pai>, prpv'uied with 'Jmrtitiotwi which force tlte gas 
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to*travel twice backwards and forvyards/and below which the 
suiphurous kiln-gas'circiflateSj^ Some manufacturers, instead 
of this, US& pans arched over. Thfs apparatus, however, fulfils 
its purpos'e rfcry inefficiently, because the contact between the 
vacid and tha sulphur dioxide is "very incomplete. The latter 
oljject c^n be attained perfectly iji all works where a Glover 
‘.towfer IS employed ; in this the acid can be fully denitrated and, 
moreover, a small quantity of sulphur dioxide can be dissolved, 
in which case, as Schcurcr-Kestner has shown (s'ee Chapter IX.), 
it acts least upon plhtinuin ; but, unfortunately, the ^.’over- 
tower acid, owing to its large percentage of iron, cannot well 
be used for concentration in platinum stills. 

At some works a small preliminary chamber (tambour) is 
provided in which there are bottom partitions open at opposite 
8nds, so that the acid entering from the next (large) chamber! 
has to travel a circuitous route long before it arrives at the 
place where it is drawn off for u.sc. This is done with the 
object of completely taking the nitre out of the chamber-acid 
and making.it sulphurous, the fresh burner-gas acting upon this 
acid with full force. Such acid is then .employed for concentra¬ 
tion in platinum stills. The object of completely removing the 
nitre (and together with it the selenium) is still better attained 
by blowing kiln-gases by means of an injector right through 
the aifid in a finely divided .stream, and allowing the deposit to 
settle dgwn by running the acid in circuitous channels. 

2. 'rreatvit-iitmoitli brimstone has been proposed by Barruel. 
It i^ used in the shape of flowers of sulphur, which sometimes, 
according to' Schwarzenberg, is put into boxes of stoneware 
placed in the first pan, in which the temperature does not rise 
to thq mefting-point of sulphur, and in which- the acid contains 
msst water. • Special care must be taken that no sulphur gets 
into the following pans, because strong hot sulphuric acid is 
decomposed By sulphur with the formation ofand for each 
part of S dj' parts of SO.II., are lost. According to Bode 
'{JGhvcrlliiirm, p. 3) thfk process,is not efficient; while the 
brimstone is ^till in the state of powder ift action is very slight, 
although the lead is already .being acted upon by (he nitrogen 
acidl. Later ^n, with the r,'se flf temperature! the brimstone 
melts and rise# in small* drops to the surface of the hot acid, 
whenefc it mostly esca^jcs int® 'the air as liOj. \ 
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3. Treatment with Ttrgiimc Substances. — O.raiic acid has been 

proposed by Lowe'. Sugar fias been suggested by VVackenrodSr. 
Skey recommends agitation with charcoal, but onlyrfor dilifte 
acid {Chem. Nrws, xiv. p. 217). Olivier uses a Iit6le alcohol in 
the lead pans {Rapports du Juj-y international, 1867, vii. p. 35). 

4. Ammonium iulphate has been proposed for this object by 
Pelouze {Ann. Chim. Phys., Ixvii. j), 52), and has been»[ 5 rc»v'etl to 
be the best of all reagents. By this reagent the nitrogqi acids* 
can be so completely removed that the vitriol is* tinted red by 
the fir^ drop'of a solution of potassium permanganate. In this 
case nitrogen escapes, according to the following equations 

N.,03 + 2NII,,-. 311,0 h^N, 

jso.nh + 2NH3- 2S(),ii,,+2 H.,o+.iN, 

3NO,, + 4NH3-f)ll..O + 7N, 

, 3NOHj + 5NH,,- ylip + .SN. 

This substance is now universally employed for acid to be 
concentrated in platinum stills. Under norjnal conditions 01 
to 0 5 lb. of ammonium sulphate suffices for purifying lOO lb, 
of vitriol. ' 

It appears as if the addition of ammonia wa,s sometimes 
carried to a ridiculous excess; for Gintl (Wagner’s Jahresber., 
1880, p. 259) found, in so-called “chemically pure” sulphuric 
acid, 5 per cent, of N H^. 

Pattinson (/. Soc. Chem. Ind., 1889, p. 706) recommet»ds the 
treatment with am’monium sulphate for^the sulphuric acid 
employed for generating’carbonic acid in thb manufacture of 
aerated beverages, as an extremely small quantity of nitrous 
acid (0 026 per cent, of NjO^) causes the beverage*to be turbid, 
and destroys the pungency of the ginger essence, etc. . 

Lunge and A^nius (Z. angew. Chem., 1894, p. ^09) showed 
that nitrous acid {i.e. nitrososulphuric acid) is Very quidkly 
destroyed by boiling with a proportion Of ammohium sulphate 
oft NHjto I a<id nitrrJgen; evenivith sulpjiunc acid of 140" 
Tw. this takes place in five minutes. But nitric aTid is far more 
stable; it requires half an hour’s boiling with its equivalent dl 
ammonium sulphate, in the case of the strongesUsulphutic acid, 
for its desVrucUon, and many;houre’ boiling with a large excess 
of ammonium'sulphate in thefca^ of acid of Tw. Hence 
any contam'ination Vth nitric acid Aust be cWuHy avoided 
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if the sulphuric'acid is to be conccntratco' in platinum vessels, 
si^ce some HNO^ will gcLinto the platinum still in spite of all 
prfcautioijs; but nitrous acid fs easily removed at every stage 
by ammoniugi sujphate. 

Selenium. 

• ^Va have {suprii, p. 55) alrea'dy mentioned, selenium as 
-equently occurring in sulphur and pyrites,and hence getting into 
tfte acid-chambers. Its presence in the flue-dust and thechamber- 
mud are well known; «in commercial sulphuric acid it hte been 
fouifd, c.g. by Davis (/. Soe. Chem. Ind., 1883, p. 157) and Lunge 
{Client. Jnd., 1883, p. 128). We shall now go into some detail 
about it, in which we arc greatly aided by a paper of Littmann's 
in Z. angew.'Chem., 1906, pp. 1039 et seq. and 1081 et seq. . 
, Selenium may cause a temporary or a permanent discolora¬ 
tion of suIpWjric acid and may also cause other trouble. As 
is well known, Se is by nitric acid o.xidised only as far as 
SeO,,, and its solutions are reduced by SO^ to metallic Se. 
But in the chambers frequently ScO., is found where free Se 
might be expected, and vice versA. Free selenium exists in 
several allotfopic modifications, of which here the red one is 
of greatest interest, as this is formed in the reduction of SeO.^ 
by SO., at a moderate heat; it then appears as a brick-red powder, 
or if present in large quantities, as a voluminous jelly. At 
tempefatures above So' or 90' it passes over into the metal-like 
idaek-grey modification, apart from a very slight proportion of 
brown colour', vvhfch remains in solution. We also know it in 
the Kvlloidal ^state, and as a green solution in concentrated 
sulphuric acid. 

‘ Selenic.acid, lf.,Se,.Oj, is only formed by the strongest 
oxidiskig agents, and is not present in the chambers under 
normal circumstances; Winteler’s assumption to the contrary 
{Chem. Zeit., 1905, No. 96) is erroneous. 

The selenjjrm present in*the pyrites*at first,*of course, burns 
tg^SeO.,, but the enormpus excess of sulphur dioxide must 
reduce this to free Se. Yet Littnfann always found in the 
Glover fewer, besides free Se, also SeO,, in varying quantities. 
The (ree seleniuln here appears partly as a dark fed sludge, 
partly dissolved<n the Glover Scid^ to whiclj-it impa;'ts a blood- 
red colour, and from which most of it precipitates with a light- 
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rea colour on cooling. • Mosf of the scltniuni, however, accord¬ 
ing to Littmann,‘cxist.s in tire Glove* aci 4 a.s .SeO,„ owing to 
the presence of .small ([iiantities’of nitrous coinpomnis whifli 
escape the denitrating action of the tower., 'Hjis^SeO., is 
reduced to free Se already by^liliition of the acid, and imparts 
a red colour to it. .When employing such red Glover acKl i>n 
the Gay-Lussac tower, the colour is discharged, all tl>e'fKe,Se 
being converted into SeO., by the nitrous compoimd.s. The 
Glover tower retains at best 30 per cent, of selaniiim ; So pef 
cent. or*lipwartis get into the chambers, ai*d is found there first 
in the fed state of free Se, farther on again as SeO... The fed 
colour of chamber acid, owing to the presence of free Se, 
appears in cases where there is too little “ nitre ” in the chamber, 
apd thus gets into the chamber sludge. The back chambers 
contain only SeO„ no free Se, e.xcept in ca.ses of extraordinary* 
cfeficiency of nitre. During the concentration of rlfambcr-acid, 
which contains both ScO,. and free Se, the selenium can be 
partly removed by reducing SeO,, by an addition of charcoal, 
but unless it is mechanically removed (which is no easy task), 
it enters again into .solution, and imparts at first a green colour 
to the acid, owing to the formation of the compound ScSO,,; 
when exceeding a concentration of 96-5 per cent. 11 ,.SO,, the 
green colour vanishes, .SeO., being reformed. It is hard to say 
whether the Sc cau.ses more damage in the green acid, or in 
the more highly concentrated colourless acid, from which it is 
at once precipitated by dilution. The soli<ion of the Se in 
form of the green compound begins at 65 and*is firnkshed 
at about 140"; on further heating in the concentratir|g-apparatus, 
this compound is again dcstroye<l by oxidation, beginning at 
210° and complete^ at 260 to 280', and such acid contains onlj 
colourless*SeO,,. The acid distilling over contain^s no Se ^r 
the first and in the last stage of the concentration^ but it doei 
so in the middle stage, Littmann attributes a portion of thi 
damage done to t*lie platmum apparatus in the cojirse of time 
to the selenium dissolved in the acid. »Concentratcd sulphuri* 
acid loses its dissolving-powcf for Se when it is cautiously anc 
with constant cooling diluted to 84 5 per cent. R^SO,; hence 
the hydratc‘H,.SO,,HjD formfthe ifmit. * • 

Littmanndraws f^e following concljisions:-^i) Under the 
ordinary conditions ruhng in the^ambej;s, all modifications 01 
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selenium arc oxidised to SeO,, both wherever there is a forma- 

tibn of nitrososulplmric acid, and wherever the latter is princi- 
pklly deooraposed by hydrolysis; an excess of SOj, if present, 
has no influence. (2) Most of the Se carried on with the 
chamber gases must be in the sta,te of an intermediary, unstable 
compound, probably SeO, which is easily reduced to Se or 
oxidised do SeO.,, according to whether the surrounding gas 
' contains an excess of SO.,, or cl.se of nitrogen oxides. This 
sompound, if combined with SO., or SO,,, is morff stable and can 
exist for some time in chamber acid, free from SOjNH, under 
certain conditions of concentration and temperature.' This 
SeO has never been prepared in a pure .state, but it would 
explain the pre.sencc of selenium in the chamber gases and in 
many places where neither Sc nor ScO.^ can be expected to 
,exist. Selenium e.xists in the chamber acid also in the shape 
of sulphonAled compounds, which have been studied by a 
number of chemists, but without leading to quite certain 
formulte. Littmann discusses this matter at length, also the 
conditions for increasing the production of selenium in the 
chambers, if demand should arise for it, working with as 
little nitre 'as possible. The seleniunli obtained in the Glover 
or chamber sludge is advantageously prepared in the following 
way.* The sludge is agitated with concentrated sulphuric acid 
and as much .sodium nitrate as corresponds to the selenium it 
contains; water is gradually added, then steam is injected 
until th'e acid goesi-down to sp. gr. i'26, and the nitrogen oxides 
still present' are driven out by a current of air. To the filtrate 
and washings a little HCl or NaCl is added, and the Se is 
precipitated by a current of SO., in the shape of a red jelly, which 
ik washed, with water and dried at 105^; it contains about 99 
• p^r Ctnt. real Se. " 

Littmanri further discusses at length the analytical methods 
for Se. For, proving its presence qualitative analysis he 
dilutes the ,sulphuric acid; adds a grain of kj, and dissolves 
,the J secreted b)’ NaoS2f),i; this leaves the Se behind as a red 
powder, which after a short time'" passes, over into the yellow 
sulphur comp'bund. Any N,,03 or AsjO,, present do not irtter- 
feretwith this reaction. For qu^ntitativef estimatidVis he treats 

' In Z. ange^. Chem., 11306, p. 1329, Deulsch "declares Shat the process 
described in the text was ^ot « orl^ed out by Littraann^but by himself. 
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the raw material repeatedlj- in the water-bath with strong 
nitric acid, blows 4 current of air through^lie hot dilute solution, 
in order to remove the lowtr nifrogen oxides, and titrates tfie 
solution at a moderate heat with decinormal potas.^uirfperman- 
ganate, retitrating the excess of this by dccinorma] oxalic acid. 
This oxidises the SeOj quantitatively to SeO^. This mitjjod 
is quite corrett and very quickly carried out. In thc*prest«ce 
of tellurium this is found together with the selenium. • 

As already'stated in our former edition.s, tlft mo.st usuaff 
procc^*for destroying the red colour oftsulphuric acid, if due 
to selenium, is the addition of a little nitric ;icid, of which, how¬ 
ever, any excess is objectionable for many purposes. Therefore 
Le Roy {Monit. Sdoit., 1901, p. .406) prefers to add, at a 
tsmperature of 50' or Oo', a sulphuric-acid solution of potas- 
^um or sodiuqj permanganate, of which at most 10 g. i.« 
required for a ton of acid. The pink colour caiTscd by the 
excess of permanganate i.s removed by oxalic acid. 

F. Schulta ( 67 / 47 //. ZeiL, 1911, p. 1129) states that petroleum 
refined with sulphuric acid containing 0'5 per cent.^f .selenium 
has a decided yellow tint in comparison with that purified by 
pure acid. Selenium dioxide has a greater reactiisn than the 
element itself The coloration is not removed by suKsequent 
treatment of the petroleum with pure acid. Probably the 
selenium acts as a direct oxidising agent, similar to nitric and 
nitrous anhydride, which have a similar but decidedly greater 
action than selenium dioxide. » 

The recovery of selenium a.s a commerciifl product will be 
described in the chapter treating of the by-products of'the 
sulphuric-acid induistry. 

• 

Purifiention of Sulphuric Acid h)' Spccud Milhods 
{by Electrolysis, ctc.p 

• 

According to*/. Fratfkliu InstitiMe, v. p. (*5, legd, iron, and 
arsenic can be removed by subjecting the sulphuric acid tp, 
electrolysis. , ' ^ 

Askenasy (Ger. P. 86977) subjects sulphuric“acid for some 
time to electrolysis Aid allots th 5 products fo act upon 
acid. Amoqg these*)^ ozone, ithic^ destroys orgipnic substances 
and hydrochlorjp acid (with fg^mation of chlorine)finely 
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divided sulphur, which reduces the nitrogen compounds; and 
hydrogen sulphide,mvhict acts in the same hlanner aWd also in 
pTecipitaiing any metals present. 'The latter takes place only 
with concentrated acid. The electrolysis is carried out at 
ordinary or slightly elevated temperatures, with lead electrodes 
\^;^eut diaphragm, and with agitation of the liquid, beginning 
thi^srftttt the current has acted quietly for .sorr?e time. The 
currert^-density should be i or 2 amps, per square decimetre and 
♦he tension 6«volt.s. After a few hours the acid 7 s colourless; it 
is then heated up, i& necessary, in order to ag^lomef^te the 
precipitate, or else diluted and afterwards filtered. *’ 

Teed (B. P. 17612 of 1887) proposes to remove the lead from 
sulphuric acid by means of hydrochloric acid. 

Nickles'removes hydrofluoric acid from sulphuric acid by 
diluting this with twice its volume of water ,and heating fqj- 
fifteen hour%, replacing the water as it evaporates. 

j Coloured Acid. 

A brown colour is .so frequently found in sulphuric acid up to 
about 80 per cent., that the designation “brown oil of vitriol" 
(B.O.V.) has become universal in England for acid of about 
140"' Tw. This colour is de.stroyed during the higher concentra¬ 
tion of the acid, and also by the treatment with sulphuretted 
hydrogen (p. 1067), but not always entirely. 

N'tirrenberg {Client. Ind., 1890, p. 363) points out that the red 
colour s6metimes ffund in commercial iHilphuric acid of about 
140° Tw. may be*formed by the contact of that acid, when epn- 
tairflng a .slight quantity of nitrous acid, with iron tanks. The 
iron, acting upon the nitrous acid, generates nitric oxide, which 
is dissolve^ in the ferrous sulphate formed—thereby producing 
athe ftd colour. Oxidising agents discharge this iolour by 
converting tlie ferrous into ferric salt, and the NO into NjOj. 
Completely cjenitrateii acid never assumes the red colour vvjien 
kept in iroig tanks, nor dCes .stronger acid (“ rectified 0)1 of 
.vitfiol ”)> which has much less action upon the iron. The same 
colour may be produced in the smAll chambers or “tambours" 
sometimes plttced before the first large chamber; here the 
sulphuric acid is still predominasi^t, and il'on is present as flue- 
dust, so that t^ conditions *are present fplr the formation of a 
solution of NO in F^O^. ^e main ehami^evs, where nitre 
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•'pri^mlnates, never show tlAit colour, as here all the iron must 
be present as ferric sulphate* 

The red colour, frequerttly iiTiparted^lo sulijhurii* acid By 
selenium, has been discussed, sw/t/vi, p. 1071. 

A ver)’ deeply coloured kiivi of acid is the acid-Utr or 
which will be described more fully in Chapter LN, *1^3 
the residue fr«m the acid treatment of mineral oils, , ' 

Waring and Breckenridge (Amer. 1 ’. 043578) purii)' this 
acid-tar by mining with it, at low temperatures, wdiuni nitrate 
in jusjfhe quSntity required to effect the^)urification. 

Th^ colour of waste acid from uiii<iliu", ^nilro- 
glycerine, gun-cotton, nitro-bcnzene, etc.) may also be vefy 
strong, but this acid is hardly ever sent into trade, it is 
usually denitrated at the works where it has bBTn obtained, 
j'here the colopr remaining in the recovered sulphuric aciti 
ispof no consequence. 


Preparation of ChemieaHy Parc Sulphuric Aciii. 

Wayci {Diugl. polyt. J., p. 104) proposed to add nitre to 
sulphuric acid of 152' Tw., coming from the lead pans, sufficient 
for destroying the largest portion of any hydrochloric acid 
present, and for oxidising completely the sulphurous and 
arsenious acids, then to destroy the nitrous acid, etc,, again by 
adding J per cent, of ammonium sulphate, then to add a little 
oxide of lead, to allovv it to settle in leaden ve.ssels, and tR cool 
the clear acid siphoned off in shallow lead pajisdown to'- 18 C. 
In this case the hydrate S(),li.^-f-il.p cry.s^alli.s*es out; the 
mother liquor containing all impurities is decanted^ the crystals 
are washed with pure acid, and then form square prisms, some¬ 
times an inch thijk and 1J in. long, fhesc are fused in cledn 
lead ves^fels and used as they are, or further concentratsB a 
platinum still. This process was intended to save the distilla¬ 
tion; it has not been successful, however; for it troublesome 
and yet does not*prqjjuc^a really pffre acid. •Exactly the same 
plan has been proposed by Tjaden-Mdddermann {Z. anal. Chenf^ 
1882, p. 218 ; Fisekeris Jahrhber., 1882, p. 260). ^ ^ 

The only plan for making perfectly pure suipiiuric acid for 
pharmaceutical and \nalyti|^l purposes is fractional dt^illa- 
(ion, connected with'^uch operatifns gs previously remove the 
volatile impuriyes the vitriq^ or cqjivert them intp fixed 
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compounds. We have seen (pp. 1646 and 1067) how the arsenic 
alid the nitrogen cowipoijnds can be removed.'* We may destroy 
the latte|i,first by amifionium Sulphate, and copvert the arsenious 
acid intQ no^-vcjatile arsenic acid, or else add a little common 
salt and reject the first diistillate,jwhich contains all the arsenic 
‘ 4s A«Qlj. R: is safer, on account of the danger of spurting, first 
to^woOvp both nitrogen compounds and arsenic by means of 
‘ sulphuretted hydrogen; but then the acid must be first much 
(diluted. It never becomes absolutely free fro.rr arsenic in this 
way; it is thercforej preferable to employ brim'stone V'd fof 
rectification. 

• According to Nicklcs, hydrofluoric acid can be removed by 
diluting it with twice its bulk of water and heating it for 
fifteen hourS-yr/ p. 1074). ( 

^ The fixed substances, such as iron, lead, cop^ier, etc., remaig 
in the retort on rectifying; and in order to avoid contaminatipn 
with organic substances, the receiver is changed when a'oout 
one-twentieth par,t of the acid has come over; the distillation is 
interrupted when only one-eighth to one-tenth of the acid is 
left behind.' The portion distilling between these two limits is 
quite pure., 

The distillation of sulphuric acid in glass retorts is a very 
disagreeable and even dangerous operation, on account of the 
strong bumping caused by the sudden development of large 
bubWes of vapour; this is especially favoured by the lead 
sulphate separatin,g. In such cases the retort is sometimes 
bodily lifted up, Und of course smashed when it falls back upon 
its seat. The bumping must therefore be avoided as much as 
possible, for which purpose the following plans have been 


proposed.^ 

Berzelius prescribed heating the retort more from-the sides 
than from 'below, by placing a sufficiently wide sheet-iron 
cylinder upon the grate of the furnace, so that the bottom of the 
retort just fits intij it; thetoals in the furnace then only heat it«V 
si^es. In tfiis case, ho\yever, the iron cylinder may act as a' • 
cracking ring; and A. Muller {Polyt. Qentr., >86o, p. 1069) 
therefore eiilffioys an iron pan, in whose bottom a spedal iron 
ring, protects 'the retorj-bottonfc from <'heating, ‘ whilst th<> 
remaining space of the pan l-ouna the retjjrt is filled with fiiie 
cast-iron borings. Sometimej.the retort* is hgated in an iron 
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vessel just fitting it, which is generally filled with sanfl ; Reese 
{J^ngl.pofyt. J, chr. p, 395) [Jilts ashes,on tic bottom, as a bid 
conductor of heat, Frequently, tiow'evc^ the retort js heat*d 
bjP an open fire, and is merely protected b)’ jtsbwsto% or by a 
paste of clay which is continu«:d up ti^the curve of the nccl?, so 
that the vapour is prevented from condensing too Soon., , 

In any caae the retorts must be made of very 
free from knots, equally thick all over, and not too lar(je;*the 
neck must be protected against draughts, and must not extenti 
to the^#iiddle*of the receiver, as the lattcj^ might be cracked by 
the hdl drops of acid falling into it. It i.s neither nccessarysior 
advisable to cement the joint between the retort an*d the 
receiver, or to cool the latter, considering the high boiling-point 
qf the acid; but it is useful to place a strip of asbSftos between 
the neck of the^ retort and the receiver, in order to [irotect th^ 
fat^r against over-heating at the point of contact • 

^I'he bumping i.s very commonly avoided by putting in 
substances which favour a regular evolutioy of vapour. For 
this purpose the following substances may be employed:— 
platinum scrap or wire, for instance in the shape of spirals; 
bits of quartz, of porcflain, or of very hard coke; Pelloggio 
recommended a wide glass tube, drawn out to a fine point at 
the lower end, and reaching almost down to the bottom of the 
retort; through this the air can communicate with the interior 
{JPolyt. Centr., i868,,p. 392). Hager has tried this and fcund 
it useless. Dittmar conducts a continuous^slow current of air 
through the boiling acid ; this expedient has irfisweTed very well 
in my own bjjoratory. * 

When diwilling about i cw t. at a time, it lake? from five to 
six hours of moderately strong heating before the contents ■of 
the retoft begin *to boil; after twelve hours one-twentieth has^ 
distilled off. The receiver is now changed; aftir thirty-six 
hours (cotjnting from the commencement) the acid is distilled 
-off within one-ei|htjKir Vie-tcnlh, and the ogpration is stopped. 
According to wheth^ the first chaij^e of receiver has bejij 
made a little ^oner pr later* acid more or less concentrated is 
obtained. 

"the following mAthod is|iiighlV pecommenfled, because the 
danger of handling ^ch lar^lqualtities is theraby avoided. A 
small tubulatedftftortholding fropj a pfnt.to a quartds employed; 
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above tBis, a" little on one side, a*'bottle of convenient s,ize is 
riteunted, providecKwitb, a glass tap, into wWch the sulph^^k 
■ afid to'bp rectified is ^ut, aftef it haiD been freed from all volatile 
irapuritifs b^’ pluvious heating. The distillation is now starred 
in fhe small retort, whicHs about half filled, and into which a 
scraps of platinum are put. ^ Afterwacd.s, by means of the 
glapita^ ,and of a finely drawn-out glass tube, as! much acid is 
allowep to run continuously from the stock-bottle into the retort 
ns is distillirrg off. The operation may be cofttinued till too 
large a quantity of fi^cd substances is accumulated in tlfe„retort. 
I have seen this plqn at work on a small .scale in English* 
fdetones. 

Pure sulphuric acid is now attainable in commerce at such a 
low price that it could not be produced by any of the just 
^escribed means. It is in reality manufactured from the weak 
acid distillfhg over in the production of rectified oil of vi^tjoi 
(r/inext Chapter), which is concentrated by evaporation in^lass 
retorts, or preferably in a small platinum still, to the point 
required. 

Scluitz (^Z. Diigetu. Clh’iii., 1911, p. 487) again describes this 
well-known.process, without any essential addition of his own. 

If acid of 98 per cent. 11 , 50 ^ is manufactured by concen¬ 
trating in iron retorts or otherwise, the acid distilling over from' 
the retorts is often of the proper strength of “ rectified 0.V.” (on 
the ftontinont and in America = 66° Be.), viz. 93 to 93 5 per 
cent. H'.SO,. If t^e arsenic has previously been removed, the 
distUkd O.V. wilt be practically pure acid. 

in England the designation “rectified oil of vitrJor’fR.O.V.) 
or “ distillecf oil of vitriol ’’ (D.O.V.) is commonl)^ used, not for 
dfstilled sulphuric acid, but for acid concentrated by evaporation 
^ to Q3’per cent. H2S04= 168' Tw. 

Absolutely pure sulphuric acid is made by Brialle (B. P. 
2(1434 of 1908,) by direct oxidation of liquid sulphur jlioxide by 
means of nascent oxygen, csbtained byfilectrolytic decomposition 
^pEwater. He describes ^n apparatus adapted to this'purpose. 

END OF P.\RT II. 
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CIIAI-TER VII 
TUK cii A M i;kk-1'Ru(;|';s.s 
ihc Chambas. 

Cin'criiig the Chamhci'-hottoin with Acid .—in order to start a set 
of chambers, first of all the chamber-bottoms must be covered 
with acid. This is absolutely nece.ssar)' when the sides are not 
burnt to the bottom, but hang loosely down into its upstand, 
as here an hydraulic seal is required to keep the gas within the 
chamber. Enough liquid for the sides just to dip into it is 
sufficient; for as the lead c.\-pands on the chamber getting 
warm, and as the liquid constantlyfincreases by condensation, 
the hydraulic .seal is constantly improving. However, for 
reasons to be stated liereafter, it is preferable to make the depth 
of Ticiil as great as possible from the outset. Only in extreme 
cases water or very weak aeid should be takeji for luting the 
chairlber; acid should rather be bought elsewhere at some 
expen.se to avoid this. If it can be done, the proper thing is to 
bring up the bottom-acid at once to at least about 90 Tw., 
better too'. If this cannot be effected, this strength ought at 
least to be approached as nearly as possible. The reason why 
starting a chamber with water or very weak acid should be 
avoided is, that otherwise the vapour of nitric acid dissolves in 
the bottom-liquid and acts upon the lead. 

Even ’fill the nitric‘acid freshly'" supplied were decomposed 
by sulphur dioxide before reaching the bottom, the presence_of 
water or very dilute acid in large quantity would cause the new 
formation of large quantities of nitric acid from the lower 
’oxides of nitrogen (N„ 0 ',, X.jOj, and NO), and, on the other 
hand, of nitrogen protoxide, N.,(); there would thus be a great 
lo.ss'of nitre in both’shapes, apart from the action of the lead, 
and the reactions within the chamber would be quite irregular. 
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Altogether the cliHmber-prpcess* only goes on properly when- 
there is an abumh'tnt quantity of pretty* strong acid at the 
bottom of the chambers. If the sides are burnt to tke bottom, 
it is even preferable to start ^a chamber dry to starting it with 
water; but otherwise a layer of about 4 in. of j*cid on the 
bottom of such chambers is preferred. 

Supposing the chambers to be luted with acid, and the 
burners to be heated up. so that they can be charged, the 
connection«JyiweeR them and the chambers is made and the 
hunifr-gas .'dlow'cd to enter. Of course sufficient draught is 
given and nitric acid admitted at once, but at first no steam, in 
order not to dilute the bottom-acid too much. The nitrit <iiid 
is introduced precisely in the same way as later on, either as 
vapour or in the liquid form. At first about three or four 
times as much is put in as is necc.ssary afterwards, because 
there must be a stock of nitre-gas collected i,i the chambers, 
which subscciuently nee<ls only to be renewed so far as ;iny 
loss is suffered. Liquid nitric acid can be introduced much 
more (juickly than gaseous, since the latter depends*upon the 
heat of the burner-gas wording the nitre-oven ; but running too 
much nitric acid at once into the chamber must be .avoided, 
since it might not be decomposed entirely before reaching the 
bottom. This can hardly happen when introducing it throtigh 
the Glover tower. At the beginning from 13 to 15 parts of 
nitrate of soda, or ii.corres|)onding quantity of nitric aci<l,"must 
be employed to ic» parts of sulphur; and this must be 
continued till the last chamber turns yellow'; then the quantity 
is gradually diminished till the proper point is reached. 

MacCulloch (C'/n’;/*. AVa'-r, xxvii, p. 136) prescribes starting 
the chambers by admitting steam and nitre-gas from the 
steam-column ((/! p. 849) for five or six hours before the burner- 
gas is admitted. In that case, he says, the chambers work well 
from the first, and in one Instance showed acid of ^65 at the 
drips already in twelve hours. This may be so; but that 
process, while saving a, little time and possibly a little nitre, 
from the outset detracts much from the durability of the 
chambers, since during the hvc or six hours when they receive 
only steam and nitre-ga.s,very much,nitric acid must condense, 
and whatever is gained by the drips*is .again lost by* the 
previous dilution of the bottom-acid. 
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As sooi! as the drips and' test-pliis,'s pmvc that sulphuric 
acid is already forming in the • chamber,'r/mw is admitted, 
usually op the second day, but at first with great caution. 
Then all the factors of acid-making are at work, and the same 
rules are nwv valid as for the ordinary process. If .everything 
is in proper order, and if plenty of nitre is used (which is 
all retained in the Gay-Lus.^ac tower), a chamber may be in 
regular working order on the fourth, sometimes even on the 
third day after starting. . L.,t. 

We must also take into account the opposite case, viz., w/ie/i 
a set of chambers has to he stopped Jor repairs. It may be 
necessary to do so for one or two days, and it is, of course, 
most important to be able to go on again as (piickly as possible, 
without losing too much nitre. If the proper precautions arc 
neglected, it is possible that .so much nitric acid is produced 
that the chamber-lead is seriously acted upon. To avoid this, 
we must proceed as followsFirst of all, the pyrites-burners 
arc stopped ; no fresh charge is put in, and all openings are 
closed asHghtly as possible. Next to this the supply of nitre 
is stopped, but that of steam is continued, so long as the gas of 
the last chamber shows any outward pressure. When this has 
ceased, and there is, on the contrar)’, .some inward suction, the 
outlet damper is closed, and air is allowed to enter at some 
lute, manhole, sight, etc., to avoid forcing-in of the chamber- 
walls "by the atmospheric pressure. Even now a good deal of 
acid is produced, as proved by the action of the drips ; but the 
steam should be shut off as soon as the drips go down to too' 
Tw. When the drips cease to act all openings are shut. If 
the burners are started again within Jthree days from the 
stoppage, it is only necessary to put on a good supply of nitre 
in order to get the chambers to work again ; the regulation of 
the steam must, however, be as carefully attended to as when 
starting a jidiv set of phalnbers. 

Supply of Air. 

The object of a regular chamber-process is of course this 
lo make froth a given quantity 6f brimstone or pyrites the 
greatest passible quantity of sulphuric acid with the smallest 
possible consumption 6f nitre. We may add at once, as less 
.decisive, but still of importance, that the. chamber-acid should 
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be as stroll" as ii> compa^'ble tvith the two conditions just 
stated and with preventing damage to tlte chamber-le id. In 
order to attain that object, the attention of the, chamber- 
manager must be directed to man)' points, some of which 
have already been treated of in detail, whilst oUiers will be 
enlarged upon here. 

1st. Complete Comhmtion of the S/ilf/ii/r-ore. —This, with 
brim.stonc, follows as a {natter of course ; with jiyrites it is 
much mor# (I'lJiciilb (<;/! also pp. 442 /•/ ,ro/.). 

2nd. Pivpcr Composition of the /oiri:rr-:;iis. This also has 
been treated of in the 4th Chapter; and we will here merely 
repeat that the proper composition of the hnrner-gas almost 
entirely depends upon the regular siijiply of air produced by 
projrer legiilation of the i/rinip/it. \Ve ha\'e already seen 
(p. 452) that, apart from chemical anal)'sis, there are practical 
tests to show at the burners whether the drai ght is right or 
not. Hut at the chambers themselves this must eipially be 
looked to, by means of the man-lids in the top, or the test-plugs 
(p. 701), or by jirc.ssnrc-ganges or anemometers 701 and 
767). Generally, the follitiving rules may be laid down as a 
rough guidance:— 

In a set of three chambers the first chamber should show an 
outw'ard pressure, and, accordingly, the gas should issutf in 
force whenever a [dug is opened. In the middle chamber the 
gas should be prett); nearly in c<iuilibrium w*th the outcA" air; 
in any case there should be rather a little outward [iressurc 
than any inward suction. In the last chamber there may be 
some, but very little, inward suction ; and behind it, but before 
the damper, the suction should be very perceptible. The 
Rhcnania works (1902) keep some pressure throughout the 
chambers, diminishing gradually from front to back, the suction 
beginning only behind the Gay-I.ussac, and this is also dcjiie at 
other well-manage 3 works*known to tlie author. *rC«app com¬ 
pares the chambers to a lake traversed by a river: the speed of 
current at its inlet is ^imini.shed in the interior of the wide 
basin so as to be almost imperceptible ; but at the outlet in the 
narrow draught-pipe it agaitf comes out with the same strength 
as at first. I’ayen's Prhis (i. p. 3^8) states the ^jccd of the 
gas within the chambers to^e 8 to 10 ifi. per minute. 6/Talso 
Niedenfiihr’s measuretnents of pressures, p. 677. 
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Generally, it may be said that the draus^fcj; must be sufficient 
o cause a proper working of the .burners and the proper com- 
wsition of the gas, but no more than this. The draught should 
le observed not merely by practical indications, but by testing 
hc'burner-gas for SO., and the exiV-gas for 'O. The rule given 
an here be stated more precisely in this form:—There is so 
nuch (Ir.aught given that _the burner-gas from brimstone 
pproaches a percentage of 11 per cent, that from pyrites 8 per 
ent. SO.,, as far as circumstances permit, ancK that the gas 
ssuing .at the end still contains 5 or 6 per cent, of ok^'gen. 

A most important.control of the working of the chambers, 
.0 far as the draught is concerned, is exercised by testinsr the 
xit-t^asi's for oxvi:;i'n, as has been described (p. 578), and will be 
nentioned hater on in this Chapter. But there is no agreement 
)n the epiestion as to what is the proper percentage of o.vrgin in 
hamher e.vit-ga.xs. Only so far there is general agreement that 
i certain cxce.ss ol oxygen is rcrpiircd, over and above the 
hcoretic.al quantity, in order to promote and hasten the 
egencrat.ion of nitric oxide to nitrons acid, etc. Bode 
yUeitrage, ji. 15) .assumes as a miv'.imum 6 per cent, of free 
oxygen in the exit-gas of the chambers, and mentions that .at 
8 per cent, free oxygen the yield had been ([uite as gof)d as, 
and the consumption of nitre even a shade better than, at 6 
per cent. According to Hascnclever (Hofmann's Report, i. p. 
370),'in 1866, bcfi'irc Schwarzenberg, Gcrstcnhdfer had alrc,ady 
calculated the theoretically best composition of burner-gas, but 
h.ad only communicated it privately to several factories. Ilis 
figures, which do not materially differ from those quoted 
(supra, pp. 556 and 558) are:—for brim.stone, 

10-65 per cent, by volume of St).., 

' 0'35 .. 0 , 

7 'J-oo „ „ „ N; 

.. > • < 
for burning pjaites, 

8-8o |)er cent. Ijy volume of SO.j, 

P-lio 1. n .> ' O, 

. , Si-f)0 , „ N. 

Scheuror-Kestner also assumes that the percentage of oxygen 
in the exit-gas = 6 per'cent. I le has, however, proved that the 
(.oxygen in the hurner-gas is considerablj’.less than according to 
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the above calculation, probably awing to the form.-ftion of SO., 

(P- 565)- 

The above is not universally accepted. Vogt cmucnd.s 
{Dingl. po!yt. /., ccx. p. 105) that there ought to bc’only 3 or ' 
4, never above 5 per cent, tixygen in the e.scaping chamber- 
gas ; oxygen beyond 5 per cent, he calls " very bad work.” 
This opinion is shared by some, but not by many, other 
practical men. The other extreme is found at a large alkali- 
works visited Jay nie, whefe it is believed that the best yield of . 
sulphuric'•CuT is obtained with 10 per cent, of oxygen in the 
exit-gas, certainly with a somewhat larger consumption of nitre 
than when 5 or 6 per cent, of oxygen is adhered to (4 per cent, 
of NaXO.| u|)on the charge of sidphur, instead of 3 per cent.). 
The neighbouring works, burning the same pyrites under 
idotitical conditions only allow 5 to 6 per cent, oxygen, and I 
think this decidedly right. 

Hut if it is e.stablishcd that a certain exce.ss of oxygen, 
althougii its presence increases the volume of gas, yet also 
increases the energy of the action in the chambers, it is, on the 
other hand, at least as ^well est.ablished that loo* great an 
excess of air vastly diminishes the ) ield and seriously increases 
the consumption of nitre. Wit here refer to the account tif 
Olivier and Ferret’s first trials with pyrites (p. 455). ^ 

VVe may assume that in (lermany the minimum and 
maximum of oxygen in the exit-gases is kept between 4 and 8 
per cent. In Frande it is rather lower, say 3 or 4 per cent.; but 
in England the higher figure 7 or K ])er cent, seems to be pre¬ 
ferred in many |)lace.s. So far as my experience goes, a meriium 
figure, 5 or 6 per cent, oxygen, would in the majority of cases 
be the (rroper one to aim at, but, if tinything, 1 would rather 
allow a margin a little below than above that figure. 

lixa'sshv cli-iiiig/il acts in a different wa>', according to 
whether the admiesion ot air to theLurners is rtjgulatcd in the 
proper manner or not. If the action of*the cxces.s* of draught 
extends to the burners, they will become too hot; sulphur will 
be sublimed, especially from brimstone-burners, but even from 
pyrites-burners, and in the latter, .scars will be formed. If, 
however, the excess of draught is very great,^ the burners 
may, on the contrary, iJecome cooltd ly the excc*>s of air. 

If the admi.ssion^of ait* below the burner-grates is regulated 



910 


THE CHAMBER-VrOCESS 


so that thcie do not receive too much air, a.) excessive draught 
at the end of the system must produce a diminution of pressure 
in the chambers ; air is aspirated through the tiniest chinks and 
crevices, and in very bad cases the sides of the chamber may 
be drawn iij. ' * 

In both cases “false air’’ gets into the chamber (which 
means too much oxygen and inert gases), the chamber-space 
is badly utilised, and the excess of gases carries away both 
sulphur dioxide and nitrous gases. If the /ittci|^t^is made to 
prevent this by employing more nitre, too much i'&rk is put 
upon the Gay-Lussac tower and more nitre will be lost than 
in a regular way. 

In the ca.se of insufficient /irauff/it si the end of the system 
there will be too much pressure in the chamber.s, as the hot 
gases continue to come over from the burners; after a short 
time there will be a deficiency of air in these, which is .shown 
by the anal)'sis of the burner-gas and end-gas; the burners 
first become too lujt, as the cooling effect of the air is missing, 
and .scars are formed, whereupon the burners turn cold, the 
ore burns incompletely, and the gas gets [)oor. Generally this 
is accompanied by blowing out of gas from the burners, 
which might, of course, also be caused by any kind of stoppage 
in t(je gas-flue, but cannot be confounded with this contingency, 
as in this case the pre.ssurc in the chambers is not too great, 
but tlje rcver.se. <.\11 this again leads to an excessive con¬ 
sumption of nitre, as the lower oxides of nitrogen do not 
meet with sufficient oxygen, and even NO may go away 
as such. 

Either cause (as a consequence of the above) leads to a bad 
yield of sulphuric acid, large consumption of nitre, escape of 
sulphurous acid into the air. Further proof is not required to 
show the importance of regulating the draught as accurately 
as possible. i • ■ ' 

In the case of poor ores, and those the sulphur of which is 
not readily given off, also in the case of burners admitting too 
much false air, such as the old Belgian' burners, too much air 
gets into the '-'hambers, and the yield is consequently always 
very bad. At Oker, for instance, in 1859, from a 50-per-cent, 
pyritevs only loo instead of 300 per efent. of strong acid was 
obtained, with a consumption of 14-4 pqyts of nitre to 100 
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sulphur (Knockc, i;' JiMiirsl’cr., iSjp, ]>, i.^l; and the 

Belgian Commissimi states, [or the four *’orl<s examined, the 
yield = 242, 237, 259, and 23S parts, instead of 306 as roiiuircd 
by theory. They were able to detect in the escaping gas 
0-38 to 1-26 per cent, of stilphur dioxide, and ^17 to •I7-4 
per cent, of free u.xygen. 

1 he n'gulatiofi of the takes place piincipall)' or 

.sometimes even exclusively at the exit end by means of the 
contrivances ([escribed (pp. 747 ct soq). It is not ])raclicable to 
depend f 9 <J)ns entirelv on the ash-pit holes of the p_\ rites- 
bnrners (p. 433), as these must be regulated to suit each 
individual burner. It is very important nut to overlocjk that 
the gas-pipe between the burners and the (Hover tower and the 
chamber may be partiall)' stopped up with deposit. In this 
cast the draught at the burner will be b.id, but will be little 
improved by opening the exit-damper ever so wide, and closing 
the latter will only draw in air at any chance crevice and injure 
the chamber-process. This c.annot be ((verlooked if the ijrocess 
is properly controlled by regularly testing the burner-gas atid 
exit-gas ; if the latter sho^-s enough or niorc^ than tmough free 
oxygen while the burner-gas is blowing out, there must be 
some intermediate .sto|)page. The lutes or side-plugs, or still 
better pressure-gauges (p. 777) fixed in various parts (jf tluiset 
will easily allow of localising that stop|j.'ige. 

On the contrary, some acid makers prefer*(vurking in such a 
way that there is afways aniflc draught from the burners into 
the first chamber, by employing large and very loosely-packeii 
Glover towers; the burners in this case never blow out, and 
yet the chambers themselves can be worked right to the end 
with even outward pressure in lieu of inward draught. But 
there must then be this drawback that, owing to the loose 
packing, the denitration in the Glover t(jwer will be hardly 
(fcrfect. This can "be obviated by tl»e following* pjan, which 
may be usefully adopted in special cases:—The Glover tower 
is packed as usual, .so as to serve as an efficient denitrator 
and concentrator, h'roih it the gases are still made to ascend 
a sufficient height, say. 6 or*10 ft., in a wide tub(f, which theif 
turns (avoiding any sharp bends) sideways and dipj down into 
the roof of the first chafhber. Thifs aefphon is formed,Mnd 
as the gases in the sfcond* descending limb arc cooler tlran^ 
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in the part» rising upwards from the tower^(in extreme cases 
the air-cooling migtit even be ^ulrplcmerrted in summer by 
water-cooling), this will cause a suction of the gases from the 
tower, and thus increase the draught from the burners, without 
drawing the gas away from the chambers' too quickly at the 
other end. Of course this result is much more easily attained 
by a fan-blast (p. 753). 

Exceptionally, air is admitted behind the burners, usually by 
means of an injector in the first chamber, which i^v.so constructed 
as to introduce some air together with the steam^i)„* r43). This 
must be done where the burner-gases are too rich, and 
es|)ecially where the first sup[)ly of air is purposely kept as low 
as possible, in order to get hotter gas, as, for instance, in 
II. Glover’s brimstone-burner (p. 403), which is intended to 
concentrate the acid by heat of the gases. * 

Some chamber-managers contend that no regulation of the 
draught need take place at the outlet when this has been done 
once for all, as the outside atmospheric conditions never vary 
so much as to interfere with the working of the process. But 
this opimon is tlecidedly wrong. ,ln mo.st parts of Central 
hairope the temperature may vary up to 40' C., or even more, 
between the extreme heat of summer and the extreme cold of 
wiijter. But this means that for every 1000 cub. ft. of air 
required in the coldest season, nearly 1150 cub. ft. must pass 
throi^h the apixiratus in the hottest sea.son, supposing the 
barometric pressures to be equal. But these latter as well may 
v.ary 30 mm., or even more; so that, for instance, 1000 cub. ft. 
at 760 mm. pressure repre.scnt the .same weight of air as 1041 
cub. ft. at 730 mm. Combining both (and very frequently low 
temperatures and high barometric pressure go together, as well 
as high temperatures and a low barometer), 1000 cub. ft. in winter 
may be equal in weight to 1200 cub. ft. in summer. It is quite 
evident that such largo differencoe, and Vven much smaller 
ones, as they may occur from day to day must be compensated 
by regulating the outlet of the.gases accordingly. Nor must it 
be overlooked that the pressure of wifid affects the quantity of 
‘gases passing through a* given •rifice, and this circumstance 
sometimes^during the year has a very serious effect on the- 
draught, evbn when'tlie burner-houSc (as it ought to be) i.s 
^ slieltcred against the direct action bf gusfs on the ash-pits. 
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The great lack ,cf quantitathH’ statements as t<i lUie draught 
necessary in various parts* (if the chamljcr-systein has been 
partially remedied by an investigation by Xorrenberg yChcm. 
Ind., 1899, p. 48 ; cf. also the criticism by Eichhorn, /A/., p, 150, 
and Norrenberg's answer,'p. 237). The required |iressiire 
within the chambers can be attained only by a strong ii|)- 
dranght. To produce this, we should make the difference of 
level between the burners and the Glover tower as great as 
possible. Tha gas,inlet-p’ipc from the burners to the Glover 
tower shoUli^isc straight upwards, and should deliver the gases 
into the tower at the highest practicable temperature. The tem¬ 
perature of the gases leaving the Glover tower should be verj’ 
little above that of the main-chamber, and any g.is to be 
carried downwards should be cooled ;is m\ich as possible. The 
ga.s*!eaving the last chamber may descend jiretty low towards the 
Gay-Lussac, which (of course !) produces all the better ilraught 
the greater its height and the wider the outlet. The loss of up¬ 
draught from the burners should be lessened by giving the 
connecting-pipes and flues a sufficiently large section for pro¬ 
ducing the following velosities (having regard to the greatest 
possible production with normal burner-gases, to the tempera¬ 
ture ordinarily attained at the respcctivar places, and the 
inequalities of work):— 


About 0-5 metre per second in the (ckvin) burner-nues. 

„ Glover iniet-|)ipe. 

„ Glover grate. 

„ (ilover packing. 


I'O „ 

0-8 to I „ „ 

0-25 to 0-5 „ „ 

(if possible rather less) 

I o metrd per second 


, connecting-pipe lead¬ 
ing to the last chamber. 


The velocity ii^thc pipe leading t»the Gay-Lussac and that 
in the outlet-pipe of the latter should be such that, on deducting 
all the !o.sscs of pressure up to the Gay-Lussac outlet from the 
effective up-draught, a* pressure of 2 mm. water exists at the 
Gay-Lussac outlet at ordinary temperatures. This is advisable, 
in order to facilitate the regulation of the final dam(jcr. The 
section of the Gay-LussSc should bt equal to that'of the (jlover 
tower, or a little less. It yiould not be made proportionai to 
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the quantity of gas at the respective tempt/atures, on account 
of the c(jkc-pacl<inj!;. Changes of velocity, curves (especially 
such witlj a small radius), and elbows should be avoided as 
much as possible. Hy rounding off the edges in the chamber- 
exits the lofs of pre.ssure can be pfactically'avoided, 

Hascnclever {Chem. Ind., 1899, p. 27) found in a special ca.se 
that a Glover tower with good draught showed a pressure of 
2 mm. water at bottom and 5 mm. at top; when the pressure 
was 2 mm. at bottom and 2-5 mm. at top, tte tourer, was found 
to be obstructed. Hut he justl)’ points out th,?‘''‘“ilTo definite 
figures for the pressure in the various parts of the chamber- 
apparatus can be stated as a general rule, and that they must 
be fixed by experience for every special case. 

In horizontal ducts the loss of pre.ssure can be deduced from 
the mere observation of the pressure-gauge, but we shall qtiotc 
a very important remark made to Hasenclcver by Dr Dreckcr, 
concerning the complication caused by the difference of level 
through the difference of barometric pressure at different 
heights of the apparatus, neglect of which makes any observa¬ 
tions of pressure by a manometer quite unintelligible. Taking 
the just-(piotcd example of a Glover tower, showing 2 mm. 
water-pressure at bottom and 5 mm. at top, but posse.ssing a 
height of 9-5 m. (about ft-), the difference of atmospheric 
pressure between the bottom and the top of the tower at 15“’ C. 
and 7<50 mm. merturial pressure in the barometer is:— 

‘ 1.204 7S0 

X X p.c;^ II. i; mm, w.atcr. 

^73 

% 

This we must introduce into our formula, and we thus 
obtain; 

. • ,"- 5 ‘ ( 5 -- 2 )- 8 .? mil' * 

as the real difference of inward pressure in the tower; that is to 
say, the pressure within the tower is = 8 5 mm. water higher at 
the bottom than at the top, and tills difference has on the one 
side to carry the weight of the gaseous column, on the other 
side»to procure the*movement of‘the gases. Taking'the 
fpdcific gravity of the gases = 1-374, and the mean temperature 
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within the tower (3^0 at bottom* 95 at toi))-^222 *C., aiul the 
outward pressure =*75^ mm, mercury, we fiticl: 

i.-iya 7SO 

.-’1^ X 11.5 7.10 mill, water 

r + * x*2 2 2 ^ 

273 

or a pressure of 7-10 kl. per se^irare metre. The difference 
8-5— 7-10= 1-40 indicates the pressure, in terms of millimetres 
of watcr-pi^cssiye, v^hich causes the ascending movement of the 
gases. 

If we call the difference of weight between a gaseous column 
and a column of air of equal height its iipuuird shess or buoyancy, 
in the present case 1 i-G —7-10-4-40, we find the loss oj pressure 
between two points in the system to be equal to the observed 
maitomelric difference of pressure plus the buoyancy; in the 
pre.sent ca.se: observed manometric difference ( - 3) +buoytinc)' 
( + 4-40)= 1-40 loss of pressure in that special (Hover to'.oer, 
caused by frictional resistance between its bottom and top, etc. 
If the tower were obstructed by deposits, this loss o^ pressure 
would become greater, a«d we can by similar calculations 
establish fur any given apparatus and by special observations 
the best conditions to "be aimed at, but we should commit a 
great mistake if we attempted to lay rlown a general rule.for 
all cases from such special observations. 

In this case, as^well as in well-nigh evAry other ca.se in 
chemical manufacturing, it is entirely premature to a|)ply 
apparently exact mathematical formula: as a general guide fof 
actual practice, which Sorel has done by applying to vitriol- 
chambers Clegg’s fonnuhe for the movement of gases in pipes. 
The extraordinary complication of the case, caused by the 
sudden expansion of pipes into the enormously larger section 
of chambers, by the sharp angles through which the ga.ses must 
sometimes be contfheted, by the chaftge.s, of temper,ature, and 
by the chemical reactions which cause alterations in the volume 
of the gases and vapours, etc,, etc., make the application of any 
simple formula quite Illusory. These formuke may overawe 
those who are ignorant of iflathemStics, cspcciallj' when they* 
contain the (for such people) mystic symbols of higher mathe¬ 
matics, but I know absolutely of no case*i‘n the whole range of 
manufacturing cheinisiry wliere the least practical progress has 



THE CHAMBER-l’KOCESS 


916 , 

been made' by aijplyin" complicate,'! mathdinatical formula; to 
chemical operation.'?. The time for this may come in the 
(probablyisomevvhat distant) future, when the dements necessary 
for such calculations have been thorouf’hly studied and placed 
on a •sze.ws'ih'.xperimental basis. 

Supply oj .Water {Steam). 

The re^'ulation of the steam or water-spray is one of the most 
important parts of cliamber-manaLjcment, ar.'d .sliauU' always be 
taken in hand by the responsible foreman or superintendent 
himself. One of the first conditioms for enabling him to do so 
[iropcrly is that the tension of the steam should be kept as 
nearly equal as po.ssible; and it is hardly necessary to point out 
how much this task is facilitated by a registering' steam-gauge 
or by automaticallx’ regul.iting steam-valves (pp 713, 7_’5). 'ihc 
round of the chambers should be made two or three times a 
day; at some works it is even made every other hour. It is 
one of the advantages of the water-spray system (pp. 728 ct seq) 
that there are hardly any variations of the quantity of water 
supplied, but other difficulties may ifccur instead (j). 73 0- 

It must be borne in mind that the Glover tower supplies the 
first or “leading” chamber of a set with a good deal of the 
steAm required. Hence steam or water-spray must be supplied 
to this chamber in much smaller (piantity than when working 
withobt a Glover tower, and the position of the jets is also 
influenced b)- this (e/i p. 725). 

.-\ rough indication of the fact, whether too little or too 
much steam is present, is sometimes sought in the appearance 
of the glass jars covering the two lutes of.the chambers (p. 701). 
If these show a white crystalline covering of chamber-crystals, 
which are proved as such by turning green on moistening 
them, there is evidently a deficiency of ^steam. If, on the 
other hand, (he glass* jars are dripping wet, there is too much 
steam in the chamber. This is, of course, only to be taken 
in conjunction with the other observations to be made by the 
attendant. 

The proper indicator for the admission of steam or water is 
the strength if add made /,•/ the ehamjier, both as observed in 
the acid-drips (p. 698) and in the bottom-acid. The.se two are 
‘never identical; the drip-acid is always hiore or less stronger 
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than the bottom-acid In Igntj chambers tliere is a consider¬ 
able diflerciice between the frbnt and tlie Back part, am. sncli 
chambers should be provided with two or even moro»difl'erent 
sets of drips. , 

Considerable difference of opinion exists as to ttie s/iviij;/// 
of acid mo.st conducive to a proper working of the vitriol- 
chambers—that is, to the best yield, the greatest production for 
a given chamber-space, an<l the smallest consumption t>f nitre 
We may s*\' ^neftilly that the chamber-acid is kept much 
stronger in mC majority of Knglish works th.an in the majority 
of Continental works. Whilst the former mostly keep the acid 
in the leading chamber from 120' to 130 and the drips often 
5’ to 10' higher, the usual practice on the Continent is to keep 
it at 106 to 110 , or at most 116 Tuc .At the Rhenania works 
the acid runs away from 106 to at most t lO Tw. In America 
I found from 112 ' to i lO . Only cxce|)tionally higher strengths 
(up to 124 'I’w'.) are met with on the Continent or in America. 

It is unnecessary to say that both Knglish and Continental 
manufacturers firmly believe that they are in the sight, the 
former in making stronger, the latter in making weaker 
chamber-acid, both contend that in their, and only in their 
way, the best results are obtained. It is difficult, if nut 
impossible, to arrive at any certain decision on that (piesllon 
from a comparison of the data supplied by various works as to 
the strength of acid^ the yields, the consumption of nitre, the 
chamber-spaces, and so forth. This difficult)' arises both from_ 
the complication of the various conditions, which interact upon 
one another, and from the very frciiuent inaccuracy and 
incompleteness of the.obtainable ligmes. It is thcrelore with 
all reserve that I proceed to give my own opinion on this 
question (which differs from that given in the first edition of 
this work, vol. i. p. ,^46). ^ 

All theories of the vitriol-chamber procass Seem’ t« point to 
the preference of the weaker rather than of the .stronger acid. 
Hurter, in his dynamical theory (/. Soe. Chan. Ind., i882,p. 10), 
arrives at the result that the chamber-space js inversely^ 
proportional to the quantity* of nitrogen compounds present, 
and to the amount of wa^er present, in the gaseoq.s condition ; 
in other words, that, other conditions bemg equal, the quailtjty 
of acid produced withib a given chamber-space is larger whem 
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weaker acici is made than when strong acid is made. It is true 
that the evidence given for this in the paper just mentioned 
from the jictual re.sults of a number of chambers is very scanty, 
and certainly not sufficiently conclusive in itself; this was 
unavoidable, as only such works were quoted which did not 
possess Gay-Lussac and Glover towers. J 5 ut, at all events, no 
contrary assertion can be bared on that evidence. 

The theory propounded by myself, and the very similar one 
of Sore!, both r>f which will be found at thecloseiof this Chapter, 
also demand that, other conditions being equal,oEfiC sulphuric- 
acid-forming reaction is promoted by a larger amount of water, 
up to the limit where an excess of water would produce other, 
injurious, reactions. 

Another point to be considered is this, that it is practically 
impossible to prevent the loss of .some nitre, dissolved in the 
chamber-acid as nitrosulphiiric acid, but that the tendency of 
the chamber-acid to retain nitre in this form rapidly increases 
with its strength, 'I heory would therefore demand keeping the 
acid weaker in order to lose less nitre. Whether,this is .so or 
not in practice can only be proved by bringing together a great 
many riiiablc data, the dilficulty of doing which has been 
pointed out before. It is a fact that sometimes “pale” 
chambers arc the consequence of giving too little steam (that is, 
keeping the acid too concentrated), and that this evil can be 
remedied by turning on full steam for a short time, which 
causes the chamber to become red again. 

1 he practice of most Continental tactorics, including several 
German and Austrian works, at which all the processes arc 
followed up in the laboratory with the gj-eatest care, and which 
are generally admitted to work with the greatest perfection, is 
in accordance with the just-quoted theories, and comes to this: 
that the acid in the leading chamber, that is at the same time 
that whicli if withdr;V.vn 1 'roni the process for use or sale, should 
not exceed 113 ’, and is best kept at from 106 to 110° Tw. 
In this way the best yield and the smallest consumption of 
nitre are attained. 

The usual and practically the only reasonable motive of 
English manufacturers for,making their chamber-acid so much 
stroiiger is, of course) this, that tjiey save the expense and 
trouble of concentrating the acid for use or sale. But there is 
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Httle or nothing in t 3 «is in the gre:ft majority of case#. For the 
manufacture of sup(frphosphatcs, which rccfiiircs an enoi.nous 
quantity of sulphuric acid, and for whicli manj’ acid-\jorks are 
exclusively employed, the strength of l lO Tw. is (]uile 
suffi.cient. For dec»mposing .salt for sale and fvr niakmg 
.rectified oil of vitriol, a higher strength is certainly re(]nired. 
But at every works provided witlj Glover towers (that is, at 
every properly equipped works, and actually in the great 
majority of exi.'^ingjactories) there is no difficulty whatever in 
bringing alHjjf acid up to 140 Tw. without an)- expense, even 
when starting from chamber-acid at 110 Tw.; and this is done 
even without Glover towers (for further concentration in 
platinum .stills) at many works by means of the waste heat of 
the pyrites-kilns. 

^me years ago, F. W. Hofmann {Her., iii. p. 5), starting 
from the (erroneous) assumption that sulphurous acid in 
contact with nitric ;icid and sulphuric acid of, sa)-, uxt 1 w., 
produces much nitrous oxide, X.jO, proposed to <liinini.sh the 
steam in the first chamber (which in his case was onl)- a 
“tambour” of 3500 cub. ft, capacity) to such an extent that 
acid of 140 Tw. should be formed; in this way the acid 
dissolves much nitre, and is run into the following large 
chamber, where it gets diluted and gives up the nitre, ile 
asserted that he had thus effected a saving of i lb. nitre on 100 
lb. of sulphur; but as his original consumption* of nitre anJ the 
yield are not stated, and as, moreover, his chambers had no 
Gay-Lussac and Glover towers, that alleged saving cannot 
convey any [)roof of the utility of his proposal, upon which a 
vigorous controversy was carried on in the 21st volume of the 

Chem. News (pp. 132, *64, i8y, 200, 224). It was then mostly 
overlooked that Mofmann’s small “tambour of 35^^ cub. It. 
capacity had very little in common with an ordinary Kngli.sh 
leading chamber of ftiore tlwn ten time*; that capa»il)(. Apart 
from all other reasons, the undoubtedly much greater wear and 
tear of the chamber, when worked in the de.scribed way, would 
tell much less with a small “ tambour ” than with a large 
chamber. But, for the ret/sons above stated, 'Hofmann’s 
process seems wrong in principle, and has not met with any 
success whatever on the Continent, wficreif was first tried. * 

In England later sn (since 1889), probably without aify 
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reference ’to Hofmann’s proposal of i8(T/, several works in 
Lancashire began to employ mtich stronger acid in the leading 
chamber, up to 140'' Tw. It is, of course, out of the question 
to lose the nitre dissolved in such strong acid; none of it must 
be used without first passing through the Glover tower, and as 
it would become too strong therein, and would be incompletely 
denitrated, a little water is run through the tower at the same 
time. At one of the works visited by me it was stated that, 
with the very low chamber-space of 17 r cub) ft, per lb. of 
sulphur, the excellent yield of 411 cwt. of 96 pcrc.'A,iit .salt-cake 
was obtained per ton of pyrites, with the very small consump¬ 
tion of 15 lb. nitre per ton of pyrites ( = o-G7 per cent.). These 
good results were a.scribed, firstly, to an extraordinarily large 
Gay-Lussac space; secondly, to the above-mentioned procedure, 
by which an unusually large {]uantit)’ of nitre was supposed to 
be kept circulating in the vitriol-chamber. It was not denied 
that there was more wear and tear of the chambers ; but it was 
believed that this was no mure than would be comiiensatcd by 
the saving in the proces.s. 

At the lime of my visit to the above and a few other works, 
where tlic same method was followed, the procc.ss had not been 
sufficiently long in u.se to enable a correct judgment to be 
fojmed as to the yield and the consumption of nitre. Every¬ 
body knows that it requires many months to make sure of this, 
and "to avoid bting deceived by accidental gains and lo.sses. 
Hut even taking it for grantetl that the above-quoted excellent 
results were really confirmed in tlie lung run, I am very strongly 
disposed to place these results rather to the credit of the 
colossal Gay-Lussac lowers existing at that factory, of a width 
of 14 ft. and a height of 60 ft., than to that of keeping the 
ehamber-acid at the dangerous strength of 140" Tw. It is 
clear that the large quantity of nitre kept in solution in the 
strong acieVof the leading chamber can contribute but very 
little to the work of oxidising sulphurous into sulphuric acid; 
its work can be done only whilst running down the Glover 
tower. But then the same object can be attained quite as well, 
while kcejring the chSmber-aLid at a lower strength, by 
supplying, the Glover tower with more nitre, cither (once for 
.all^ in the shape of nitric acid, or (continuously afterwards) in 
that of nitrous vitriol from the Gay-Lussac tower; the inert 



streiJgth of A'cm 


921 


stock of nitre at tl\c**bottoin yf the’leadiii'; clKuiiber iS tluus very 
largely reduced, anti the confcs.sedl)' muclf greater wear and 
tear of this chamber and of the Glover tower is thu!» avoided. 
From all indications it is also likely that less chandier-space 
will be required in tlTis than in the former case. • 

It is difficult to say an\ thing general as to the strength at 
which the (//v/v ly/uw/'c/vought to be kept. At one 

works we find the drip-acid,only 2 or 3 , at others 15 or more 
above the licittun-atid ; at others it is always weaker than the 
bottom-aci(1.*'**F,verything depend.s on the position of the drips; 
but so much is certain, that in the same |)lant the difference 
between the strength of the drip-acid and that of the bottom- 
acid is nearly constant, and that the attemlant must manage 
his chambers accordingl)-. On the average, the drips, where 
they are taken from the inside, clear of the chamber-sides, 
show about to Tw. more than the bottom.acid ; out this holds 
good only for the ordinary style of working, not for that 
described above, where the bottom-acid is kept at 140 'fw,; in 
this case the drips are not very much or not at all itronger; 
and where the drips are colhicted at the chamber-siiles they arc 
generally somewhat weaker than the bottom-acid. 

We have seen above ([). 311) that the tension of aipieous 
vapour varies both with the tem|)crature and with the strength 
of the acid; for instance, at 80 (near the chamber-side), acid 
of 114' Tw'. has exactly the same vapour-tension as, al* 95 
(only 2I in, within), acid of 128) Tw. Sorel observed that the 
acids collected at various points of the same transverse section 
of the chamber really showed such differences of strength, and 
that, therefore, it maj’ be sai<l that they are all at ;in 
equilibrium of aqueous-vapour tension. This shows how 
useless it is to compare the drips of different sets of chambers, 
unless they arc fixed in a precisely similar position to one 
another. 

7 '/u’ strength of acid in the interniediate chambers, between the 
first and the back chamjjcr, is always below that of the first 
chamber. The second chamber, in a .set of three, has generally 
about 10" Tw, less than the first; but with acid of 140 Tw. in 
the first chamber the difference between ^his and ^le second 
may amount to twice as n;uch. In a set of four or more 
chambers the strengths Vill naturally dimini.sh more gradually. 
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The lu^t or" back ’’ chamber is kept at vei^' different strengths, 
according to whether there is a Gay-Lussac tower connected 
with it or,,nut. In the latter ca.se the acid is never kept above 
75and .sometimes as low as 50' Tw., or even less than that. 
It is, in fact, difficult to keep the strength higher, as there is 
so little sulphur dioxide present in this case, and as there must 
not in the chamber be a Urge cjuantity of nitre, in order to 
avoid losing an enormous proportion of it. Thus there is but 
little acid made here, and it is correspondin.gly yeal^ But such 
weak acid, even at 75 ', causes the formation inucli nitric 
acid, which must act on the chamber-lead and is otherwise in- 
juriou.s. Hence with the old style of working without nitre- 
recovery apparatus, the last chamber was always a very weak 
link of the set. 

In the [iresence of a Gay-I.us.sac tower there is no reason 
whatever for keeping the last chamber below 90 ' Tw., or even a 
few degrees above this, There is no formation of nitric acid 
to be apprehended in this case, and the ga.ses w'ill be better 
dried in preparation for the Gay-Lussac tower. The practice 
of some works to go dow'ii as low ai 75' or 80 Tw. in the back 
chamber cannot be at all recommended. 

Grow'der (/, Soc. Chem. hid., 1891, p. 301) jjrefers placing the 
“ drips ” in the connecting-pipes between the chambers, and 
keeps them as nearly as possible at the following strengths:— 
drip'from Glovet tower to ist chambcr = 95 to 105'; from ist 
to 2nd chamber= 130 ; from 2nd to 3rd chamber= 122"; from 
3rd to 4th chamber = 105“; from 4th to Gay-Lussac = 85”. If 
the drip from No. 1 to No, 2 chamber stands lower than 130", 
the consumption of nitre is increased. [The drips in the 
connecting-pipes do not correctly indicate the work done in the 
chamber, as in consequence of the far greater cooling-action the 
formation of acid in these places must be abnormally large.] 

Sorel.giVes the fpllowing directfons for' the strength of acid 
to be observed in a set of three chambers (degrees Baume):— 


liisiili.' <lri|M. 

. [57-55 Re- up to 

1st chamber ! the middled 
(56 second half. 

*» I 

2nd chamber 52-5^. 

3rd chamber 52-53". 


Si(!o dri{ig. 


51-54 


142-53 first half.1 
[45-47“ and „ / 

45-50 - -■■■ 


Acid in chainlxir* 
bottom. 

54 -S- 55 ° 


48 - 48”-5 

48-0-44*.i 
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Wc shall now clAcribc the uijurtous resuitsoj <i '•uj'I'ly 

of water (as steam or spray) to* the chambers. 

The first and most obvious result of yivinp' too n/yeh steam 
is this, that the acid gets too weak. Ihit this is of less im¬ 
portance than anothfr drawback immedi.atel)’ following. If the 
lower oxides of nitrogen meet with an CNxe.ss of oxygen (which 
is always present in the chamber.s) and at the same time with 
an cxeess of -water, the following reactions take place : 

?N0 4;>0 f n.O-.’NOJI ; 

N„<),, + 20 + =2N().,H. 

That is to say, they arc convcrteil into nitric acid, which, in the 
first instance, is a much less efficient carrier of oxygen than 
nitrous acid, and, secondl)', is to a great extent dissolved in the 
bottfcm-acid ; here it assists the acid-forming process ver)' little, 
and, moreover, acts upon the lead. So long as tl.c bottom-acid 
is pretty strong (say, u|j lo 90 ), it will not retain the nitric acid 
for a long time, but .again gives it off as lower nitrogen oxides 
by the action of sulphur dioxide ; but if the exci’ssiye supply 
of steam continues, it will s*'on keep the nitric acid back ; and 
as the process is thereby disturbed, even the steam ' which 
should have been used up in the formation of siiliihuric acid 
is conden.sed to water, and the dilution of the bottom-acid is 
thus .again increased. If this state (jf matters has (jiice set in, 
it is not alw.ays easily, remedied. Cutting oflHhe ste.am is not 
sufficient; much more nitre must be put in as well; and )'et 
the bottom-acid only graduall)' gets up to its normal strength 
In the meantime the yield falls off, the consumption of nitia 
increases very much, and the action of the nitric acid on tin 
chamber-lead docs permanent damage. T hus it is appnren 
that an excess of steam doc.s very much harm ; and great car< 
must be taken lest the strength of the acid should go dowi 
below the proper aiirount. •The chamlKrs soon shcnv when the) 
have too much steam by becoming pale. A pale chamber oftei 
gets red again in an hour after the supply of steam has bcci 
partially cut off 

An excess of steam has aflother injurious effect, which cat 

' Whenever here, .and in ot|ier places, w« speak of “stea^fl” in conjicc 
tion with the supply of chambers,yvater in the shSia; of spray .>r mist is'ajs. 
meant; it would be tedious to mention this in every instar'" 
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only be c:A)lainc(l in detail when treating a!' the theory of the 
chamber-process, VM,,the fi )nnaticn of nitrogen protoxide, or even 
of elementary nitrogen, whilst the reduction of the nitrogen-acids 
ought not to go beyond nitric oxide. Neither nitrogen protoxide 
nor nitrogan can be rcoxidised td nitrogeti-acids; they escape 
with the other gase.s, and thus cause a lo.ss of nitre. 

We will now consider the/ipposite case, viz., that ///e chambers 
receive too liltle steam. .According to the theory of the vitriol- 
chamber process, to be developed later on, Uiis yaust, deteriorate 
the conditions for the formation of sulphuric aewt, since the 
substance formed in an inti'rmediate state, viz. nitrososulphuric 
acid, cannot then be entirely decomi)osed into sulphuric acid 
and nitrous acid. It will in this case be either separated in the 
.solid slate, as “ ch.'imber-cryst.ils," or else it will dis.solvc in the 
bottom-acid. In actual practice it rarely happens thaf the 
dcncienc)' of water is st) great as to lead to the formation of 
solid chamber-crystals within the chambers; more frequently 
this happens in the connecting-pipes, liut it is all the more 
general, qay, unavoidable, that some chamber-crystals fcommonly 
called " nitre ” in this case) dissolve in the bottom-acid. We 
shall sec later on that a certain quantit)' of “ nitre " must be 
present in properly working chambers ; but if there is too little 
stoam, this ([uantity will be largely increased, both by a 
deficiency of water in the .acid mist floating about, which 
leaves a large qu'antity of nitrososulphuric .acid undecomposed, 
and b\’ the excessive concentration of the bottom-acid, which 
cn.ablcs it to hold more “nitre” in solution. Thus the nitre 
will be removed from its proper sphere of .action, viz., the atmo¬ 
sphere of the chamber, and SO^ will escape oxidation. Where 
. the chamber-acid is directly u.sed, without first passing it 
through the Glover tower, this nitre will be finally lost. All 
this, of course, happens less easily where the bottom-acid is 
kept at ailotver strength', as is usual on the Continent; there is 
in this case more time for repairing a temporary deficiency 
of steam, as indicated by testing the drips and bottom-acids 
for strength and nitre. 

A deficiency of steam'also acAs in this way, that the acid by 
becoming too concentrate(l m.ay to some extent act upon the 
lead. So long as tfifi strength of tfre chamber-acid does not 
, exceed 144’ Tw. (and this will very rarely happen, even with 
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faulty management^, there is not«much harm rlonc,^ l*ui» very 
good reasons, the last chamb’ci; if a (ia_\--Lu;isac tower is p, esent, 
receives ver)’ little steam ; in the case of smaller chambers 
(tambours) none at all. But this may be carried to(? fir; and 
then, in spite of the dark-njd appearance of the^ chambers, 
there is a bad yield of acid, becau.se tlic water necessary 
for its formation is missing, ancl^ SO., and () go aw:)y' un¬ 
combined. This occurs espcciall)- whim the chamlrer shows a 
very clear, Uan^pai^.-nt red," instead of being somewhat dim and 
misty. ♦ 

On the whole, it is evirlent that the risks run by a deficiency 
of steam are nothing like so serious as those arising from an 
excess of steam. 

llurter (Thf Ma)tufiU liii-c of Sulpliuyic . loiJ, I,ivcr[)Ool, 18 S 3 , 
p. l 9 ) gives the following rules for utilising the indication of the 
chamber-drips 

1st. If the strength of the acid in the drips is corrcii but 
deficient in quantity, the chamber is short of nitre. 

2nd. If the strength is /;/>// ami the (piantity' not far short, 
the chamber is very rich ii'^ nitre ; but if tile (|uanti^’ is short, 
it has too little steam. 

3rd. if the strength is /ore, but the (piantity full up, the 
chamber has too much steam. If, on the other hand,^the 
strength is low and the (piantity .short, tlie chamber is very 
poor in nitre. _ • . 

It is needless to say that the indications afforded by the.se 
rules would be .sometimes very misieading, the conditiom* 
being too complicated, if the)- were not supplemented by 
direct observations of the amount of “ nitre," the temperature, 
and the composition of the inlet- and outlet-gases, as sluswii 
below. 

Stinville (Ger. 1 ’. 144084) produces in the lead-chambers 
a circulation of coofcd aci(^, diluted t(* such an extent that its 
steam tension is sufiTicient to furnish \he aqueous vapour 
required for the process. There are three chambers, n, b, c; 
the gases pass from the'Glover tower into a, and leave c for the 
Gay-Lussac tower. The bottem-acid flows from to h, from. 
b to a, and from a into a cooler, where it is cooled down by 
means of a water-coil and also dilufed hy fresh wditer; in,this 
state it is pumped.back again into the chamber c. 
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Supply of Nitre. .' 

It is ^([uite eviJent that those ingredients from which 
sulphuric acid is ultimately formed, viz., .sulphur dioxide, 
atifiospherif oxygen, and water,' must be supplied to the 
chambers in proportions varying within very narrow limits only, 
as any undue excess or deficiency of one of these will cause a 
corresponding waste. Sulphur dioxide being taken as the 
given quantity, the proportion of water supplier), is Vept so that 
a very nearly constant concentration of the cham'ocr-acid is 
obtained ; and in like manner the supply of air is regulated by 
the draught in such a wa)' that a certain neces.sary excess of 
oxygen, but no more than this, is found in the exit-gas. But 
the matter is different with that reagent which does not enter 
into the composition of the ultimate product, and only serves 
as an intermediary agent for combining SO.,, O, and MjO, 
without (in theory) suffering any real change or loss at the end 
of the process. We now call such an agent a catalyscr (see 
later on); this is, of course, the “ nitre,’’ by which expression we 
uiKlerstaud all the compounds of iiyrogen which arc concerned 
in the manufacture of sulphuric acid, at whatever stage of 
oxidation or combination they may exist at a certain moment. 

,U is almost .self-evident that the acid-making proce.ss can be 
made more or less ra()id by supplying more or less nitre, and 
that tliis finds expression in the greater or .smaller space which 
the process requires. In fact, considerable variations may be 
made in the supply of nitre, according to whether the chamber- 
space is to be utilised as fully as possible or not; and up to a 
certain extent it may be said that the supply of nitre must 
ch.-inge in an inverse proportion to the chamber-space present. 
But certain limits do exist here as well, both in an upper and 
in a lower direction. If there is too small a supply of nitre, 
the reactipnc become too sluggish and Very disastrous con¬ 
sequences follow, which cannot be avoided by any amount of 
chamber-space; and if too much nitre is supplied, the tempera¬ 
ture rises too much, the chamber-lead is acted upon, and part 
•of the nitre escapes the process of recovery. We shall refer to 
this subject^in detail later on. 

The supply of nifrt must be regulated on entirely different 
principles, according to whether there is, an apparatus for the 
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recovery of nitre o?not. In the Matter case care in^st bo^alrcn 
not to have too inui?h nitre-f;a<i in the last chamber ; for every¬ 
thing issuing from it is a total loss, Thc’refore tlie last chamber 
but one is kept strongly yellow or red, in order to promote the 
acid-forming process, but the* last chamber onl)' faii^ly velloV. 

The bottom-acid in that chamber, which is usualh' kept at 
50' Tw., or even below, will partly, absorb the nitre-gas iis nitric 
acid, and there will not be so much of it lost. This state of the 
last chamber i^s aVained by giving it much steam ; but it will 
be seen at once that in this chamber very little work can bo 
done unless a very great loss of nitre is suffered ; for only if 
the latter be present in large qnantit)-, the oxddation of 
sulphurous acid goes on all through the chamber. Therefore 
one of these two things must be done : either a large (piantit)’ 
of (litre must be sacrificed in order to utilise the last chamber, 
or the last chamber is practicallv used oulv for recovering part 
of the nitre ; thus actually a third or a fourth of the chamber- 
space is sacrificed, and so much less sulphur can be burnt in 
that set. For all that, the last chamber is not merely a costly, 
but akso a very inefficient apparatus for recovering the nitre ; 
even if used as such, very little below 10 per cent., mustl)' 
above 10 per cent., of nitre in proportion to the sulphur must 
be employed in order to get a good yield. With poor, bitdly 
burning ores, of course, even more nitre is consumed, corre¬ 
sponding to the excc^is of air. • . 

These considerations will make it evident how much more 
rational it is to recover Ihc nitre by a proper apparatus. We 
thus effect a saving of a fourth, up to a third, in chamber-space, 
at least one of two-thirds in nitre, and mostly also better yield, 
because up to the last’an excess of nitrous gas is present,lind 
no sulphurous acid can escape oxidation by it. In this way 
the escape of noxious vapours is also much more completely 
prevented. The c(>nstruct*on of the «itre-recovo<y^apparatus, 
and everything pertaining thereto, has been described in 
the 6th Chapter. Here we shidl only describe the way of 
managing the chambers themselves in this case. .Supposing 
the set to consist of three «hambors (the readev will easiljf 
reduce this to any other proportion by analogy), the first 
chamber into which, in afty ca.se, botli tt*? gas froifi fresh rwtric 
acid and that from thp nitfous vitriol arc introduced, whether 
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it bc''by iijtrc-ovens, or cascades, or Glover towers, or steam- 
columns, will alwayf have an excess of nitre-gas. In spite of 
this the characteristic colour of nitrogen peroxide will not be 
perceived in the first chamber, both because the sulphur dioxide, 
likewise pre^sent in excess, constantly reduces most of the NO., 
to colourle.ss nitric oxide, and because the formation of 
sulphuric acid, principally going on in this chamber, generates 
in large quantities the well-known heavy white clouds. The 
whole atmosphere of the chamber is filled with these, and, 
owing to its opacity, its colour cannot be clearly lecognised. 
In the second chamber the atmosphere is already much clearer ; 
and as also there is very much less sulphur dioxide present, a 
portion of the higher nitrogen oxides will be perceived by their 
peculiar colour. There is, however, still so much sulphur 
dioxide present, that the mixture of gases in the second 
chamber will only show a more or less reddish-yellow. 

In the third chamber, however (in a set of more chambers, 
in the last—in a single chamber, in its last portion), the nitre- 
gas should largel)- predominate. There should be very little 
sulphur (fioxide remaining here; jind before the gas issues 
out of the chamber into the Gay-Lussac tower the sulphur 
dioxide ought to be entirely removed from it. This is only 
possible by a large excess of nitrogen acids; and as, according 
to previous explanations, there is also oxygen present (5 to 6 
per cunt, by volume), that excess will consist not only of colour¬ 
less nitric oxide, but also of red nitrogen peroxide. This is 
proved by the last chamber showing a dark red colour, some¬ 
times so deep as to be opaque. Even in the much shallower 
layer of gas ob.scrved in the “sight” of the pipe leading to the 
absbrbing-tower the red or orange colour ought to be quite 
decided. Within the chamber the red ought to be not quite 
transparent, but dimmed by a mist of water. 

The coloif of a chimber can ba obserted by opening the 
manlids on the top or the clay plugs in its side, but in a much 
more convenient and accurate way by glass windows put in the 
sides of the chamber itself (as de.scribcd, p. 701). As soon as 
xhe last chamber turns paler, the cause of this must be sought 
for. It may be that it has got too much or too little steam or 
too «!ittle nitre; but' "it is always a* sign that something is 
wrung; and by comparing the othfcr symptom.s, especially the 
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strength and tlic jiitrosity of tl»e drips and boltMii-acj^s, tlic 
special cause of the fault* uiust be got, at. W’ncn tnc last 
chamber becomes quite pale, it is certain that a great lo.ss is 
suffered by sulphur dioxide escaping from it; and tl*o latter, on 
its way through thu Gay-Liwsac tower, will even ejenitrate the 
nitrous vitriol contained therein, and cause a lo.ss of nitre in' 
the shape of nitric oxide cscapigg into the outer .air. I'ivery- 
thing mu.st therefore be done to avert the turning pale of the 
last chamber. ^ ' 

Apart* from the colour, the gradual diminution of suliihur 
dioxide and the increase of nitrogen acids in the chamber-gas 
as it proceeds on its way can be perceived from other signs, such 
as the suh'll and the chciniiiil iiiialyiis of the gas. The judgment 
by smell is so much more uncertain and inexact than that !.)■ 
coltnir that it is not worth while to enter upon it in detail. 
chemical analysis of the gas would certainly permit the reaction 
in the individu.il clrambers to be traced with ease and safeti'; 
but this plan is not usual, and even the best Continental works 
regularly make only two gas-analyse.s—that of the burner-gas 
before entering the chaml^ws, and that of the gas linhlly leaving 
the apparatus as it issues from the (lay-Lussac tower. It 
would give .some little trouble to analisc the chamber-gas 
between as well; nor is this necessar)', since its colour gives a 
sufficient indication for the pur|)0.se in ciuestion. 

As well as testing the duvnber-tu id for its strength, jt is of 
great importance to test it also for its //i/ivov/j'(percentage of 
nitrogen acids); and this forms a necessai)' complement to the 
ob.servation of the colour of the chambers. Lnder normal 
circumstances the percentages of nitrous acid (or rather of 
nitrososulphuric acic^ and of nitric acid in the chambcrtacid 
are so small that its quantitative estimation b)' the usual 
method is very inaccurate, especially because a number of 
impurities interfefe witl> the accu»acy of thi^ proce.ss. In 
practice, however,a simple and momentafily made colonvutnoil 
test with ferrous sulphate is sufficient for the object in question, 
and we shall now descr'be this. 

When a solution of fertwus sulphate is poured upon the 
drip- or chamber-acid contained in a test-tube^so that the 
liquids are not mixed, a*yellow ring is •formed af the pojnt of 
contact, if traces of the higlier nitrogen arc present. VVith more 
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nitrogtn oj^'cles the ring beccmes darker; \.'ith still more the 
whole ferrous siilphoi^e solution assumes a deep brown or black 
colour. In this case effcrve.sccnce readily sets in, the liquid 
getting hot, and the dissolved nitric oxide, with the black 
colour, being- driven off by the heat VVith.-somc practice, and 
' always working exactly in the same way, it is quite possible to 
get a good idea of the percentage of nitre in the chamber-acid 
by its ap[)earance under the above conditions. The testing for 
. a set of four chambers can be carried but in t,his way :—A stand 
containing eight ordinary test-tubes of 5 in. height is once or, 
preferably, twice a day taken to the chambers, and the tubes 
filled up to about 4 in. with samples of the drip- and bottom- 
acids of each chamber; at the same time the strength of each 
sample is taken by the hydrometer, and written on the stand at 
the bottom of each tube. The acid-samples arc then te.sted; at 
any convenient place, by carefully pouring on to each about 
half an inch of a concentrated solution of ferrous sulphate, 
which need not necessarily be free from ferric sulphate. By 
looking at the colours produced thereby, in their succession 
from chamber to chamber, by compafing the drips and bottom- 
acids, looking at the strengths marked below, and taking into 
account the colour of the chamber-gas observed through the 
winctows, a tolerably good idea of the process going on in the 
chambers is obtained. This certainly should be completed by 
an estimation of the sulphur dioxide in the burner-gas and of 
oxygen in the escape-gas, and also by tc.sting the nitrous vitriol, 
etc, as we shall see in the next (ihaptcr. 

Kolb {Hull. Soc. Ind. Ulullwuse, 1872, p. 309) gives a few 
analyses of chamber-acids, confirming what has just been said. 
They refer to an old-fa.shioned set without Glover tower and 
with nitric-acid ca.scades. 
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(I, acid from tMb first or dcMtratin^^ tambciiir| wiicrc the 
sulphur dioxide of* the burn«r-gas meets <lic acirt of the last 
chamber and the Gay-Lussac tower; b, the same^when the 
chambers were short of nitre; r, acid from the tambour where 
the fresh nitric acid ran ovef the “cascade” (excels of nifre); 
d, the same, short of nitre; c, acid of the “large chamber”; 
/, acid of the last chamber, nornud process; the same, large 
excess of nitric acid—li(iuid green and nitrous; //, the same, 
normal prjees^ • 

The fallowing rules may be laid down for the icadions 
on nitre whieh the various samf'ies oj aeid front the ehantbers and 
drips ought to show, (ienerally speaking, all drips ought to 
show more nitre than the corresponding chamber-acids. The 
former represent the process going on in the atmosphere of the 
clufmber, whilst the latter shouki act upon the nitre by their 
greater dilution, and actually do so. 'I'he bottonioieid\A the first 
or leading-chamber not to show any nitre whatever; if it 

does so, it is a strong indiiation that the supply may be 
shortened. (It must be borne in mind that a slight ^piantit)' of 
nitre, which can be discovered by finer tests, is nearly .dways 
present even in the first-chamber acid, but the above-described 
rough test ought to show- none at all or very little.) But first 
it must be ascertained if, on the other hand, the dtif otthis 
chamber does not show any nitre; for in this case we must 
infer that there is too little, steam in the ciiamber, and that 
consequently the nitrous acid h.is been absorbed by the 
chamber-acid. Mostly this will be confirmed by both drip- anti 
bottom-acid being too strong; and then more steam must be 
given. 1 f, however, ^e/// samples from the first chamber show 
nitre, some of the latter must be cut off, uidess the supply has 
just been increased because the last chandrers did not show 
enough; in this ca.se the suppl)' of nitre cannot be tut down till 
the last chambers Save qutte recovered. ^ 

Sometimes the acid of the first chamber smells, on the 
contrary, of sulphur dioxide; if this is the case to any 
appreciable extent, there is a deficiency of nitre in that 
chamber. 

The middle chambers ought to sjjiow already attaint reaction 
of nitre in the bottom-ac*d and a .stronger one in the drips', the 
last chamber, in any case, a moderately strong reaction in tl^p 
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botloiVv-acicf and a very strong'one in the drips. In this case as 
well a deviation froifl tlie rule may proceed from various causes. 
For instaiice, the last chamber may be pale, and yet its bottom- 
acid may give a strong nitre-reaction. This may happen both 
if there is ‘oo much and if there is too little steam in this 
chamber; if the bottom-acid is too strong owing to the want of 
steam, it will dissolve too much nitre; if, however, there is too 
much steam present, that phenomenon will take place which, in 
'chambers working without an absorbing-lOwe,-, is, purposely 
caused: nitric acid will be formed and will dis.solk’e in the 
bottom-acid. Both faults are easily avoided if the last chamber 
is not kept weaker than 90 nor stronger than 110 Tw.; but 
sometimes insufllcicnt draught may cause these faults as well. 
If, on the contrary, the last chamber still appears red, and even 
the drips still .show nitre, but the bottom-acid none, this is an 
indication which must be instantly met by increasing the supply 
of nitre ; otherwise the chamber itself will soon become pale. If 
both indications coincide, viz., a pale chamber and a ceasing or 
weakening of the nitre in the drip, this might still be due to an 
excess of steam; but rarely will It be so, as anyhow that 
chamber docs not get much steam. Three other explanations 
offer themselves—too little draught, too much draught, or too 
littlo-nitre. Whether the draught is insufficient is most easily 
tested by estimating the oxygen in the escape-gas; whether it is 
too large, by cstinlating the sulphur dioxide in the burner-gas; 
but in the ca.se of very leaky chambers, which properly ought 
to have been stopped already, air enters directly into them, as 
is proved by the ox)'gcn coming out too high in the escape-gas. 
Where no gas-analyses are made, the, formerly mentioned 
, external indications for judging of the draught are taken into 
account; but these are far more deceptive than gas-analyses. 
When the draught is not large enough, the nitric oxide docs not 
meet enough bxygen fo bb oxidised it is colourless, and, owing 
to its insolubility in strong vitriol, is altogether lost. This will 
be recognised by the appearance of red v^pours on the gas issuing 
out of the chimney, where the nitric oxide is oxidised by the 
atmospheric oxygen, whilst the ‘chambers themselves, where 
oxygen is m(,ssing, become pale. When there is too much air 
presdnt, the nitrogen 'acids arc carried away mechanically, 
and the chambers equally lose their coloilr; at the same 



SUMl.Y OK NlfirK !)3^' 

time siilpluir (lio.'yiilc s^ocs awaV, as it has not ^ime-Ao be 
oxidised. • • 

Instijficii-nl foriiutlion of sulphuvio aoit! in tiio oliai^bors, iVom 
Other causes, such as want of nitre or enterini; of air tliroui;h 
chinks in the chaniljcr.s and* mechanical carrx iiie »way of'^as, 
will frcqucntl)’ nai l iipmi tho bm ui is, since liy the insufficient 
condensation of t^as the draught <'rom tlie burners towards the 
chambers is diminished. _ Then all the a|i|)earaiices will take 
place whijh a|;e ciiu.sed by ver_\- bad draueht in the burners,*, 
especially* incomplete burninp^ and formation of scars, which, 
again, weakens the draught. In this case as much nitre ;is 
possible must be given, in order to forci- ;i better formation ol 
sulphuric acid ; and, if neccssar)-, even the burner-charges must 
be diminished. 

*I?ut if the l.ist chamber becomes pale, the dr lught being in 
order, :ind if its ticid shows little nitre, it is due to want of the 
hitter, an;l more of it must be introduced till the normal state 
has been restored. This will be confirmeil by loslinp tin nitrous 
'oilriol, which will no doubt show a diminution of its nitre. 
Undoubtedly several circumstances often act at the same time, 
and make the process a complicated one. If, for instance, there 
is too little draught, .so that, instead of N,.().,, only NO or even 
SO.j get into the absorbing-tower, not only will the dra*ight 
have to be increased, but more nitre will have to be given as 
well, in order to make u|) for the lo.ss. Just'in the sarnf way, 
when the nitre-gas luis been mechanically carried away by an 
excess of draught (in which ca.se, owing to its dilution, the (lay- 
Lussac tower cannot entirel)’ retain it), not only will the 
draught have to be ijpodcratcd, but more nitre will have to be 
introduced till everything is in order again. , 

An excess of nitre is detected by the colour of the chambers 
being too dark, by the strong nitrosity of the acids, and by the 
fact of the Gay-Lus*sac acid showing tfie |^re.sence%f,nitric acid, 
consequent upon an excess of N,/i), in thela.«t chamber. 

VVe thus see that, ii\ nearly every ca.se, when anything goes 
wrong in the acid-chambers, an increased supply of nitre is at 
least temporarily nece.ssary in*order'to restore the equilibrium^ 
although the other two regulators, steam and d|«ught, must 
always be taken into account at the same time ; it is.thcrfifore 
very important tlfat rtie possibility be afforded of temporariljj 
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introc^cinamuch more nitre <nto the chamjjcrs than is neces¬ 
sary in oruinary wwrk; and every factory ought to possess 
facilities for it. If this should not be the case to a sufficient 

r 

extent, and if without danger to the chambers it is not possible 
to ihtroduc<4 as much nitre as the'case calls for, then nothing 
remains but to diminish the burning of brimstone or pyrites for 
a time, and to allow the chanjrers to recover their normal state 
by easing them in this way. 

At some of the best-conducted works it is nqt thought 
sufficient to judge of the supply of nitre by the colour of the 
chambers, the testing of the drips, and so forth, but a system is 
introduced of constantly checking the amount of nitrous vitriol 
supplied to the Glover towers, its strength, and the amount of 
fresh nitre or nitric acid introduced in comparison with the 
amount of sulphur burnt, in order to keep the quantity of nitre 
present in the chambers at as constant a figure as possible. As 
an example of the way in which this account can be kept, I give 
the following figures, taken from an actual day’s work in a well- 
conducted Continental factory :— 


J’yritcs chiirgcd, kl. 

Skt No. 1 

J0812 

1. S«tNu. 11, 

loooo 

Containing sulphur, less quantity left in 
cinders • . . . . 

4993 

4735 

^ilrous vitriol used, kl. . 

10138 

10268 

Average strength, expressed in nitric ;icid 

. liC 

4*86 

4'37 

Kquivalcnt to acid of 36'' Ik\, kl. 

493 

449 

f resh nitric acid supplied, kl. . 

200 

186 

Total as nitric acid 36” Ik., kl. . 

693 

635 

Equivalent to (/> per cent, nitrate of soda, kl. 

520 

476 

96 per cent, nitrate introduced for each too 
parts of sulphur burnt 

10*4 

10*1 

This quantity, that is, about lO parts of 96 per 

cent, nitrate 


to 100 of sulphur, may be considered a minimum, and only 
admissible where the cha-mber-space is very ample—say, about 
24 cub. ft. per lb. of sulphur. With less chamber-space, much 
more nitre, equivalent to 15 or even 20 parts of 96 per cent, 
nitrate of soda to too sulphur burnt per diem, is put through 
the system. ' P'or the “ high-pressVire style ” (v. p. 639, etc., etc.) 
up to 25 parts of nitre used; but this involves a corre- 
spoitdin^y targe nitf6-recovcry apparatus, without which the 
jvaste of nitre would be very serious. < 
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I’cmbcrtoii (/. Soc. Chon. Ind., 1883, p. 414) ((iKjtcs tolal 
supply of 15-6 parts of nitre passing througti the ciianibers for 
every icx 3 parts of sulphur burnt in the shape of brimstone, with 
19-2 cub. ft. per lb. of sulphur. In this case a (iaj-Lussac 
tower was used ; whilst in three other cast's, where* there was 
no (iay-l^us.sac, from 8 to to parts of nitre were consumed, but 
with 26-8 to 35 / cub. ft. of chamber-space. .-Xs he gives no 
details as to yields, his figures possess very little value. 

Henker»{cor«miln., 1902) emplo)s as a rule 13 parts total 
NaXO,, to'ioo sulphur burnt in twenty-four hours. With very 
well constructed chambers (y/i his views on that point, p. 625) 
this quantity may be lowered to 9 or to ptirts, but with wider 
chambers it must be rtd.sed to i,S parts NaNt).. This allows 
with “ high-pressure work’’to make 8 or 9 kl. acid ol 116 Tw. 
per cb.m, of chamber-space (say, 0-3 to 0-37 'b. ll,,S( 9 j per 
cub. ft.). When starting a new .set of chambers, the first care 
is to sec that the above ipiantity of nitre is provided. {Cf. 
al-so the statements of Davis, p. 640.) 

I'lVptiSilIs fur Ihc Oniinniy II nj nj Shyplyniy 

the Chambers .nth Xitre. 

A proposal made by the .Manulacture de Javel (It. I’. 1752, 
of 1882) seems to be worth)- of more notice than it has receded. 
The nitre is not to be introduced into the leading chamber only, 
where the temperatufe may thereby become*excessivel)''high, 
but to a small extent also into the following chambers, whose 
temperature is sometimes too low, Kven the acid for feeding 
the Gay-Lussac tower is to contain a little nitre, in which case 
no SO,, can escape thryugh the tower. 

The United States Chemiea! Company, tiamden, X.Y. 
(Amer. 1 '. 325262, of 1885), injects nitrous vapours into the last 
chamber, after having first injected steam, in order to counter¬ 
act any too strong reduction of the nitYog^n-oxidds., 

Starting from a contrary view, Henker ( H. P. 1168, of 1895 ; 
cf. Kienlen, Monit. Scienp., 1895, p. 311) injects SO,,(in the shape 
of gases from the front of the first chamber) into the la.st 
chamber, in order to remedy* the dfawback, occifrring in the* 
“ high-pressure work,” that vapours yf N.,0., are for<ned which, 
as he believes, are not* sufficiently absorbed in Uie Gay- 
Lussac tower. These ure to be reduced to N._,03 by SO,^. 

2 ft 
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is cvKlcntla' the same principle as that irtirolved in Benker’s 
former prbcess (p. 839); the only difference is that 
he injected the SOj immediately in front of the Gay- 
Lussac tower, and that Benker now sends it into the last 
chamber. In regular work this procc.ss might act injuriously; 
but in cases where there is an, excess of N.,©, it may do good. 
According to a communication from the inventor (1902), this 
process is not applicable where there is a great distance between 
I the first and the last chamber, in which case 'the SO,., contained' 
in the gases aspirated from the first chamber by mt’ans of the 
injector, is changed into H.jS04 in the connecting-tube. 

The Swi.ss Societe le Nitrogene (Fr. 1 ’. 404071) replaces 
nitric acid in the lead-chamber process by a mixture of nitro.so- 
sulphuric acid and nitric acid, obtained by thoroughly saturating 
concentrated sulphuric acid, of 75 [jcr cent. SO3, with niffous 
ga.ses diluted with a great extent of air or an indifferent gas. 

of the. Vitriol-Chambers. 

.'\t every sulpluiric-acid works the temperature of the 
chambers is a subject of constant observation on the part of the 
attendants, and it is generally understood that the regular and 
economical working of the process is intimately connected with 
keeping the temperature at a certain height, different in 
different parts of the same set of apparatus, and considerably 
varying in analogous parts of the apparatus at different works 
but to be kept as nearly as possible equal and constant in the 
same [ilace. The care with which the observations of tempera¬ 
ture are made certainly varies very much. In Germany for 
many years past thermometers have been fixed in several parts 
of the chambers, generally near the " drips " (p. 698), and their 
readings are regularly recorded. In France and particularly in 
England this has been very much less the case; even in large 
and othcryvise very wcll-tnanaged vvbrks chkmber-thermometers 
were frequently not to be found even in recent times, and it 
was often thought sufficient to test the temperature of the 
chambers by putting the hand upon the lead. It is hardly 
'nece.ssary to' say that the latter plan is decidedly faulty, and the 
small expepse and trouble^of applying and using thermometers 
ought n^ver to be shuhned. 

This is independent of the questicn, whether a certain 
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temperature is or fs not the theoretically best for If e pnAcss of 
sulphuric-acid making, and whether this *is the uulu’, or the 
effect, the economical working of the chambers; for there is 
no diversity of opinion as to the fact that all causes leading to 
a faulty process ;ict eithct directly or indirectly on the 
temperature of the chambers, and that the observation of the 
latter is one of the most important guides for judging of the 
proper working of the acid-making process. 

Consi(Jprab|f diversity of opinion ex'ists concerning the t’cst 
tempenttufe fev the chivnher-proccss: but there is no doubt as 
regards some general facts. The temperature of every chamber 
diminishes from front to back, and naturally even more that of 
the last chambers compared with the first. All these differences 
in the normal process ought to be constant. The first chamber 
wiirbe generally so hot that it cannot be toucind by hand for 
any length of time, say 50’ to 65 C.: in the absence of any 
cooling-apparatus, Glover tower, etc., the heat becomes so high 
that the lead cannot be touched with impunity; but in that 
case the chamber will not la.st very long. The secon^l chamber 
mostly shows on the out.fidc hardly more than blood-heat; 
thermometers with their mercury-ves.scls inside the chambers 
show from 40° to 60’ C. The third chamber, if it be the last, 
will outwardly .show little or no difference in temperature from 
the surrounding atmosphere ; inside its temperature varies from 
40 to 30'’, and below fhat. * ‘ 

At the Aussig works 1 noticed in September that the 
tambour showed 60 ; the large chamber in its first part 45', 
in its last part 43’; the first back chamber 30 , the last (kept 
without any steam) 2cf C. 

At Stolberg (1902) the maximum temperature in the front 
part of the first chamber was 70 to 80 C. in summer, and 10 
or 15' less in winter. 

At Oker, in 189?, during the cold ’seajon, the Tirst chamber 
showed 70” in front, 60' in the back ; the second chamber, front 
50°, back 44'; the third,chamber, front 35 , back 25 . During 
the summer season the temperatures are 10' to 15" higher in 
the front, 5“ to 10" higher in tht: back'parL 

At Salindresthe leading chamber is kept at aq« average of 
65° in summer, of 55 ’ in winter. This is a refutation to’the 
assertion of Favre {A'fenit. Seient., 1876, p. 272), according to. 
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whom Vii th[' south of France the chamber^Froccss is already 
disturbed at 65 , l?ut it is true 'that many skilled chamber- 
managers prefer working the leading chamber as nearly as 
possible at 50 to 60 only. 

, Dr Stahf informs me that in a set of three chambers for 
brimstone, working without a Glover tower, but where part of 
the heat of the burner-gas was'employed for concentrating acid, 
the temperatures ranged as follows: — 

In the first chamber, near the entrance of the gas, from So ' 
to'90 (^, aceorrling to the outside temperature. 

In the second (main) chamber, in the middle, from 50 to 
Co" C. 

In the third chamber, about 10 (i. above the outside 
temperature in summer, and 20 C. in winter. 

The numerous observations communicated by Crowder 
( /. Sdi'. Cliein. hid., 1891, p. 301) contain nothing of importance. 

I'he opinion c.vpressed by II, A. Smith, according to whom 
the best temperature would be nearer 100°, is not based on any 
valid reasons, aiul seems to be shared by very few practical 
men ; on the contrary, such high teftiperatures are universally 
assumed to be e.'ctremely injurious to the chamber-lead, and are 
carefully avoided. In Europe, 90 or 95 is probably the 
ma.'dmum temperature employed anywhere; but in America 
1 found in one place, where zinc-blende was burned, a 
temperature of 100”, and it was asserted that this chamber (of 
course, the first of the series) suffered less than the last; but 
the)' had only a few years’ experience at that works, so that we 
cannot accept that statement as conclusive. 

.The/eavr limit of temperature is by cSchwarzenbcrg put at 
. 40 to 50 C., because otherwise there would not be a sufficient 
quantity of water remaining in the state of vapour; he asserts 
that in cool weather a set of chambers is less easily started 
than in wii.-ih weather, and that in winter more nitre is used 
than in summer. I must contradict this assertion of Schwarzen. 
berg's, both from my own and from many other practical men’s 
experience. Unless the temperature of the chambers sinks so 
low that ice is formed iii them (which may happen in back 
chambers ktipt without steam), no exqe.ss of nitre is required in 
wipter; on the contrary, at all weR-managed factories known 
to me it is asserted that they regularl)) require less nitre in 
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winter than in siu'iiner, ainl that the work all(i”ethcr |)roceeds 
better in the cooler season, ^ 

We have also seen (p, 730) tliat it is a mistake to assume 
that the water e.Kists principal!)- in the state of xajjour within 
the chambers. 

A most remarkable case is presented at the h'reiberft works, 
where the coolinr; of the burner-Ljas, in order to condense the 
ar.senious acid, is carried on so far that the temperature is 
equal to that of the outer air, and in winter the "ases often 
enter tlnj chahibcrs at o . In spite of this, no inconvenience 
is felt, and no special contrivances or precautions need be 
employed; the temperature within the first chamber .soon 
rises to 60 and upwards. 

On the other hand, it can.lot he doubted that there is at all 
ev«nts an upper limit, be\ond which the temperaturi' of the 
chamber ouqht not to p.i, \\\- have seen in Chapter lll.fp. 
346) that with the same paseoiis mi.vtnre a comparativelv slipht 
rise of temperature, from 70 to 8u , is sufficient to convert the 
oxiflation of NO to N.O, into a reduction of N..O.. to NO. 
Unfortunately we do not )et know the conditions of the 
process to the extent neccssar)- for ii j'rinyi fixint; the upper 
limit of the temperature of the chambers with any approach to 
certainty. 

In normal circumstances the temperature of the first 
(leadino) chamber wiH have a direct relation, to the (jiiaytity of 
work put upon the system. Whilst with the ordinarv .dlowance 
of 20 cub. ft. of chamber-space per lb. of sulphur the normal 
temperature is, as before stated, from 50 to 60 , ..r at most 
65 , it i.s, with forced work (15 or 12 cub. ft. |)er lb. of siilpbur), 
.So" at the inlet and Hses to 90 or 95 further on ; even ak the 
outlet it is .still 15 or 20 over the temperattire of the ambient air.* 

Benker (communication, 1902) considers a difference of 
10" C. between the»inside .and outsider temperatyre in the last 
chamber as a mark of excellent work;*l.S or 2cf should be 
never exceeded. He regularly fixes a thermometer on the 
outside as well as one ihside, a course much to be recommended. 

The temperature of the fhamhers depends ^ipoii various 
causes. It is raised by the heat of the burner-gases, by that of 
the steam introduced, «nd (in a*far»greater rtitio) b)4 the 
chemical reactions of the*acid-making process; .sometimes, in 
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hut cotmtries and in unprotected chambers, by the heat of 
the sun. I’irt of this heat is withdrawn by'the radiation from 
the thin and quickly conducting leaden walls of the chamber, 
also by the heat contained in the escaping gas and in the acid 
dra\Vn off. ,Thc loss of heat by ndiation will vary according 
'to the .season, to the wind, etc., but, of course, much less with 
chambers enclosed in buildingc than with tho.se exposed to the 
weather. Since for a given time both this influence and. the heat 
.■brought in by the burner-gases and withdn.iwn by, the exit- 
gases and the acid manufactured vary but little, '^he inner 
tem|)eraturc will practically be governed by the intensity of the 
chemical reactions. 

The facts now stated prove by themselves that, as I have 
urged before, frequent oliseivatioiis of the temperature of the 
ehmubers are of i^reat importanec for the proper managemenl of 
the process. Although the temperatures at the various parts of 
the apparatus show very great discrepancies at different works, 
they are almost constant in the same set of chambers, so long 
as everything is in good working order; and for thi.s reason 
any consitfcrable rise or fall of thcL chamber-thermometer, to 
the extent of say 5 ( '., is a certain sign that there is some irre¬ 
gularity which should be remedied. This indication is all the 
mory valuable as it is instantly observed without requiring any 
tests or loss of time, and it is accessible to any ordinary 
working-man without the aid of a chemist. 

One of the most .systematic series of ob.servations of the tem¬ 
peratures in different places of a set of chambers was made at 
the Uetikon works by Lunge and Naef {Chem. hid., iS.Sq.p. 17). 
Three readings were made every day, and the following arc the 
aver'ages of a prolonged period, both for (A) moderate duty of 
chambers (4-4 tons pyrites for 129,000 cub. ft., or 29 cub. ft. 
per lb. of sulphur), and for (B) intense duty of chambers (6 
tons pyritcf, or 20-8 cub.'ft. per lb. Of sulphur). The strength 
of the acid in the “ drips ’’ fixed near the thermometers is also 
indicated. The extreme variations of the chamber-tempera¬ 
tures, of which only the averages are given here, did not exceed 
3” or 4” C. The temperature of the outer air varied far more, 
vi/.., 3 to 17^“ in the fourtegn days’ working of A, and from 5° 
to 2ef C\ in the ten' clays’ working "of B; but this did not 
influence anything except the last' chamber. The chambers 
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had all the same width (28 ft. 4 irt.) and lieij,dit (23 ft.); ^ui the 
leading chamber was 138 ft, the second 65A ft, and the tliird 
36 ft. long. 


Pipe a>niin#froni^ilovcr tower 
Front of leading clianiber, near bottom 
Middle ,, near bottom 

>, „ niiihv.iy up 

I. near lop . 

Pipe ]>etween hrst antJ second clianil>er 
Second chamber near bottom 
Pipe between second and third chainlx:t 

Tjjird chaml'er. 

Outer air. 


A. 

Mnd.qatH lillty. 

Inti 

H. i 

‘nKOihtty. 1 


Strenutb. 


Stri'iinth. : 

t'. 1 

1 

Tw. 


Tw. t 



1 75 

' 

60 

123 


123 j 

bo 

112.1 

1 7* 

1 If) j 

bi.8 


73 


b4-S 

1 lib 

7b 

lib 

45 

III),', 

57 


3 “ 

116 

41 

Ilf) 1 

27 


35 

H')' 1 

19 

116 

24 


9 


12 

i "■ i 


This shows in tlic first chambers a difference of from 9' to 
12" between moderate and intense duty of the chamber.s. The 
temperature was very distinctly influenced by the <iuantity of 
nitre: with strongly red chambers it was much higher in the 
front than in the back part; with paler chamber.s the difference 
was le.ss, the reaction also going on more equally. At the top 
of the first chambers the ga.ses were from 4 to 5 liotter'tlian 
at the bottom, but gas,analy.si.s showed that t^hc gase.s were not 
richer in SO^ and 0 in the former tlian in tlic latter case.* 

Further experiments were made on tlie cooling-influence pf 
the radiation from the chamber-wall.s. The following are the 
averages of seven days’ observations at distances of 10, 4, and 
2 in. from the chamber-side, with an average outer temperature 
of 19' 


Pipe from Glover tower 
I Front of leading chaml'cr 
! Middle ,, 


Second chamber 
Third chamber . 


bintancfi from chamUtr-side. 


10 in.* 

• 

4 in. 

2 In. 


78’ 




72 

71 

69' 

near bottom* 

• 74 

73* 

70 • 

midway up. 

7b 

75 

73 

near top 

, 80 

79« 

77 


i*‘ 

5 ' 

» 

• • • 

33 

33 

3.% 
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At :in outer temperature of 19", therefore, the cooling 
between 2Und 4 ip. from the cljambcr-side averaged only 2“, 
between 4 and to in. only i". At lower outside temperatures 
of cour.se' the cooling action would be somewhat stronger. 
Greater differences were found wl^en the following observations 
were made in the centre of the chamber by lowering a 
maximum thermometer by _ means of a wire through the 
chamber-top and reading off at the other places as before 
(the table gives the average of ten observatjon.s, at an average 


outside temperature of 18 ):— ' 

I'ipi' from the f'llover tower . . . • .73 

l•'ront of leading (diambcr . . . . .69 

Middle of ditto, to in. from side, bottom . . .70 

„ „ „ 1, midway up . 72 

„ „ „ „ lop . • ■ 7 f) 

,, ,, i.eiili e of chamber, bottom . . 75 

„ „ „ „ midway up . -“S' 

„ „ „ „ top . . . iSo 

Second chamber . . . . . -50 

'I'hird chamber . . . . • . .29 


This shows a difference of 5 between the centre and a place 
10 in. from the sides, .so that there would be 8 between the 
centre and the sides. This would'seem to indicate that the 
hot current of gases moves less quickly in the centre than near 
the sides, and it agrees with the fact that the percentage of SO., 
and'O in the centre is greater; that i.s, that the reaction is less 
advanced there than near the sides in the same transverse 
section of the chamber. This would agree both with the theory 
(}f Abraham (to be mentioned further on), according to which 
the gases move in a spiral course from the front to the back 
end of the chamber, and with that of Sorel, as we shall see in 
Chapter IX. . 

The preceding observations clearly show that the chemical 
reactions produce a rise of the temperatures, as the heat of the 
ga.ses in the middle of the leading chamber near the top 
exceeds even that of the gases arriving in the Glover tower, 
in spite of the cooling action of the air traversing a distance of 
70 ft. from the front to the place of obrervation. This is con¬ 
firmed by special observations in the fore part of the chamber, 
where the formation of acid is most energetic:— 

I Bottom. Midway. Top. 

33 ft. from front emf' . , .* 80*5 83" 81' 

« f'6 ' » » • • . 75 7S 80 







TEMPRRATURfi 


943 


Special intcres* is also afforded by observations male to 
ascertain the effect of usiiitj either .rAvJw ^or n s/’rii- of liquid 


water for feedin^^ the chambers. 

si** 4 in. 

'Yatfi'-spray 


(< >UtaT t-'llip. 
!•-’ .) 

(Out^r t 4 -in|). 
■'A.) 

Pipe from (ilover lower 

. 6 <} 

• 

73 

Leadinjf chamber, bottom 

. 71 

73 

„ „ midway 

■ 7 ,t 

75 

„ „ top. . 

. 76 

7 X 

Pipe (irom fVst lo second chamber 

.s 7 

6 S 

Second chamber 

■ 41 

53 

Pipe from f^ccond to third chamber • 

, 36 

47 

Third chamber 

■ 44 

31 


It is true that in the second case (water-spray) the outer 
terr^)erature was 12 higher than when using steam; but wc 
have seen above that this inlluences especiall)- the first 
chambers but little, and we may thence conclude that there is 
no sensible difference in temperature between the application 
of water as steam or that as liijuid s|)ray. All this csmfinns the 
paramount influence of the chemical reactions. , 

The following diagram.s, Figs. 33 ^ to 337, show the just- 
mentioned results graphically, the length of the chambers being 
approximately represented. In Fig. 333 the thick line 
represents the temperature-curve for a normal dut)- (2o S 3 ;ub. 
ft, chamber-space), at 12 ( '. outer temperature ; the dotted line 
for moderate duty (29 cub. ft.), at 9 C. outside; the upper faint 
line the temperatures observed with a hdjiiid water-spra\’ at 
24 outside. l''ig. 334 gives the temperatures, obtained in the 
same series of experiments, as observed in the same transverse 
.section near the botbom, midway, and near the top (the Ijnes 
have the same meaning as in the preceding figure). Fig. 335 
.shows the temperature-curves in the longitudinal section of the 
chambers ; the dotted line.reprcscnting the observations taken 
at midway height, the thin line the bottom(»and the tlfick line the 
top. They show’ very clearly how the temperature is raised by 
the chemical reactions; near the bottom and at a midway height 
it begins to fall in the second^quartyr of the leadjng chamber^ 
but at the top it keeps up as far as midwaw Fig. 33C shows 
the temperature at different height? in .the centra*of the ^fir.st 

chamber; the dotted line at a distance of 33 ft,, the fliick Ijiu, 

• * 
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at 66,ft from the front end.' Fig. 337 shows the increase of 
teinpcratuife from the outside towards the ihside (cooling action 
of the walls. 

4 



■■ 1^'Clr. — boltoin midway 

I' lC, 335. I'lG, 336. 



Fig. 337- 


Eschellitivnn ( J. Soc'Chcm. Ind.', 1884, fi. 135) has examined 
numerically the relative influence of steam and nitre on the 
temperature of the chambers. The following is a summary of 
his investigation. Taking the drips in the first chamber = 130° 
'Tw., this corresponds to'the eftmpound H.,SOj, 2H0O (mole- 
cule=i34)„or to an evol^ition of 534804-9418=62898 cal. for 
I34g. of that acid. '‘Fhe 54 g. of s\eam, at 125° C, required 
fot forming H,..SO,, 2lIjO, represent 34S09 cal. We will now 
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assume that more steam is introtiuced, and we will pyt an 
extreme case, viz., the formation of 3lf.X). This 

means another l8 g, .steam of 125=11^3; whilst hy the 
reaction H.,SO^, 2 H ,0 + H,, 0 , 1729 cal. are evolved. We must, 
however, deduct the heat co responding to a chatnber-tem- 
perature of 50'= 50 087 cal. ])er gramme of water, which is left 
in the product, and we thus arrive >.t the following figures 

The formation of: 

11 *S()|, ellX) evolves (i.’SpS n 32105 9500; cal. 

1I*^S()|, 311,() ,, 95003 H 10702 (• 1729 10713.1 cal. 

Taking the gas entering the chambers to contain 6 vols. 
SO.^ in 100, this means introducing in the first ca.se 3x6 vol.s. 
up, and increasing the total to ii.S vols.; in the second case 
4 X fi,vol.s. of water, or a total of 124 vols. Thus we have— 

I'or I i.S vols. an evolution of 95003 cals. : 1 vol. K05. 

,, i2.( „ ,, i07.|3t ; I „ 807. 

Now taking the chamber-lemperature at 50 , the outer air 
at 15 , the difterence of 35 must be iiroduced by the tibove 
reactions. 'I'he proportion 805 : 867 : : 35 : 37-6 shows us that 
introducing so much more steam that the quantity of water in 
the sulphuric acid is increased by a whole molecule (and thus 
bringing down the drips from 130 to 110 Tw.) make* a 
difference of only 2 -6 in the chamber-temperature. The 
maximum variation produced by changes *of the outside 
temperature, even in summer, when they are greate.st, were 
not found to exceed 5" C. On the other hand, the following* 
observations were made concerning the influence of the ui'/ir on 
the chamber-temperatuj-e. Two sets of chambers, burning about 
equal quantities of pyrite.s, were supplied w'ith their nitre 
exclusively by means of nitrous acid from Gay-l.ussac towers, 
and therefore in a continuous fashion, while all the potting of 
fresh nitre was done in a'third, larjfer, ^et of Jhainbers, at 
intervals of two hours. .Now the two small sets show no 
variation of temperature pxcept what is due to the variation of 
the surrounding air, namely, between 50 and 53 C.; but the 
large set shows a regular variation from 48 to 68 C., the lowes' 
temperature occurring immediately Jreforc potting^ when the 
first chamber is least supplied with nitre, and slowly rising aftei 
the potting of frcslf nitfe. The thermometers were inserted al 
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a distance of 22 ft. from the. ga's-inlets; the temperature of the 
gas Intettng was, 35 ' C. The, difference between the small, 
continuously supplied sets, and the large, intermittently supplied 
.set, so fifr as temperature is concerned, cannot be ascribed to 
any other^cau.se than the continuous or intermittent supply of 
nitre. This was conclusively proved by a special c.xperiment in 
which one potting was mis.sgd, so that the only supply of nitre 
to that .set came from a small (|uantily of nitrous vitriol running 
down the Glover tower, amounting to but, 20 per cent, of the 
regular supply. In this case the temperature o't the ga.ses, 
entering at 35 , rose only to 41 , the strength of acid at the 
drips fell rapidly, a large escape of sulphur dioxide took place 
at the Gay-Lussac tower, and the chambers worked very 
irregularly, until not only the mi.ssed nitre was put in, but an 
.additional quantity required to compensate for the nitre lest by 
reduction to nitrous oxide. Kschellmann’s experiments arc a 
strong argument in favour of the Continental plan of feeding 
the chambers with nitric acid. 

■Sorcl {Z. atiffeu'. C/iciii., i.S8y, p. 271) found that the 
differenct of temperature between Jhe front and back end of the 
first chamber, measured 5 ft. above the bottom, is only 2 , which 
is .accounted for by the fact that the heat prodnccsl by the 
chemical reactions is only slowly abstracted from the g.ases by 
rafliation from the walls. The .space clo.se to the lead walls is, 
of cgurse, coolcat (</ Fig. 337, 944); from here towards the 

interior of the chamber the temperature increases quickly, and 
• in many ca.ses reaches a maximum at a di.stancc of from 4 to 
6 in. from the wall; after this it first sinks and then generally 
rises again towards the centre. Unfortunately, not many 
observations were made; but w'e will ^uote that series which 
is fulle.st (the temperatures, as remarked by .Sorel himself, were 
extremely high, the season being ver)- hot):— 

Close to,'he Lad ., . . ., . 7.S-5 to 7q°-7 

At 3‘cm. dist.mcf . . . . , .84 

.. 4 0 .. 91 

„ 6 „ „ . . , . . 95.25 

8 „ ..95-25 

„ m „ ..98-3 

„ 12 • • • • • ■ 97-3 

, Sorel bSlict es th.i4 this difference of temperature is strong 
evidence in favour of Abraham’s Kteory of^the path taken by 
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tht {;ases within the chamber (sec below); he also maj.c.s a 
most important use of it in his own theor)- of the foimation of 
sulphuric acid (</. below). 

We must also mention an abnormal slate of things which is 
sometimes observed, namely, a rapid sinkinj; of the tetiiperature 
of the first chamber, whilst that of the last chamber rises far 
above the proper decree. This is always accompanied by the 
colour of the yases yettiiiy paler, first in front, then also 
behind, so tb at even the last chamber may become (juite yrey. 
At the sam6 time there is a yreat deal of liquid condensini; on 
the yla.ss of the “sights." Ldtimately the quantity "S .sul|)hur 
dio.\ide going away unoxidised may become .so large that the 
nitrous vitriol within the Gii\--I .ussac tower is denitrated, and 
the nitric oxide escapitig, on contact with the air outside, forms 
dense red clouiis. This state of things is brought about by all 
the causes which disturb t!\e proper process -want of water, 
want or excess of steam or of ;iir : all of these lend to keep the 
process back, so that the first chamber does too little, and th.e 
last chamber too much work. An examination of the composi¬ 
tion of the ga.ses at the ink-t and at the r)utlet, as vadl as of 
the strength and nitrosity of the drips, will lead to localising 
the cause of the disaster and admit of applying the [rroper 
remedy. Usually, together with all other remedies, a frvtsh 
supply of nitre must bq given, in order to get u|j the tem¬ 
perature (T the first, and reduce that of thJ last chamber; 
that is, to bring back the maximum cjf production to its proper 
place in front of the apparatu.s. Where it is impossible to* 
get enough fresh nitre into the chambers, the pyrites-burners 
must be kept back, ^to diminish the amount of sulphide 
dioxide in the chamber atmosphere. At all events, the indica¬ 
tions of the thermometer in the last chamber are very 
important; if it rises above the normal point, the proportion 
of sulphur dioxide t8 that f>f the nitrbus ga.ses ^nri steam is 
sure to be wrong, and should be remedied at once before 
mofe mischief is done. , 

Cooling the Chambers. —•I’ratt(Amer. P. 715142,2nd December 
1902) cools the chambers, toweft, flue?), or conduits by a cooling* 
medium without bringing them directly into contatt with the 
latter; also the hot uncombined gases, wliich are then passed 
again into the chambei*. 
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T,;^achc (Ger. P. 144084; Fr. P. 350^53) cools the gases 
from ' the(> hottest'])art of the chambers, especially for the 
“ high-pressure style,” by taking them out by means of a fan, 
passing them through a cooler and then back into the 
ch'ainber. , 

Depth of Acid. 

It is a general belief among practical men that the depth of 
<uid at the bottom of the chamber influences the completeness 
and regularity of the chamber-process. In their opinion the 
best yield and the most regular work is only obtained by 
keeping a good stock of acid in the chambers, say 9 in. or 
more. On the contrary, a very c.vperienccd acid-maker, 
M. Dclplacc, emphatically denies that the process is improved 
by a great rlepth of acid. He wa.s in a position to start a 
chamber (whose sides were burnt to the bottom) withoufany 
acid at all: the drops could be heard to spla.sh upon the lead as 
they fell down ; yet both the yield of acid and the consumption 
of nitre (l part to too rectified O.V.) were as favourable as in 
any other case. It must not be overlooked that a very great 
(le|)th of acid diminishes the available chamber-space. 

1 for my part am inclined to favour the view that it is of 
great importance for the regularity of the chamber work to keep 
a .somewhat deep layer of acid at the bottom of the chambers. 
The probable cause of this is the fact that this layer serves as 
rcguLitor for the* variations of strength and the percentage of 
nitre in the .acid directly connected therewith, This view is 
vompletely confirmed by observations communicated to the 
30/// Alka/i Report, p, 66, by Mr R. Forbes Carpenter. At a 
factory where the chamber received its nitre mostly in the shape 
of 'ivaste acid from the manufacture of' nitro-toluol, a film of 
nitro-toluol was formed on the surface of the chamber-acid, and 
this shutting-off of the acid from the atmosphere of the chamber 
caused exactly the same irregularity in the working of the 
chamber as a low rfepth of the acid would do. The acid at 
the bottom no doubt mainly serves as regulator for the nitre 
My opinion in this respect is altogether shared at Stolberg 
‘(1902). « • • 

The reiijoval of the sulphuric acid formed in the chambers, 
.'ch to a‘great eWent is hot lyifig at the bottom, but is 
evried on by the gases in the f6rm of mist, is effected by 
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Cellarius (Gcr. P. l6r)745) by* introducing steam during the 
passage of the gases from one chamber anoth :r id such 
manner as to create a centrifugal action and a wliirling motion, 
in a lead tower packed with coke which causes an intimate 
mixture of the gases and the separation of the sul^)huric acid 
in the form of drops. This is practically the same process as 
goes on in all “ reaction towers ” of which we hax'c spoken suprii, 
pp. 656 et seq. An additional patent (Ger. P. 1S3097) of the 
same inventor emploj’s foi" the same purpose, in lieu of coke, 
two concenJric perforated cylinders, with a number of ptaforated 
partitions in the annular space between the cylinders ; through 
which the gas is forced to pass by means of a turbine; thus 
the mist of sulphuric acid and the sludge are precipitated 
without the nccc.ssity of employing steam for this pur|)ose. 

(ii’lUfltl A'l'IIhl/'/iS. 

In checking the process it must never be overlookcil that 
the same symptom may be r)wing to various causes. Thus the 
acid may get weaker eitlier by a falling-off in the make or by 
an excess of steam. The draught ma)- be lowered either by a 
smaller acid-production, or by atmospheric induenccs, or by the 
gas-flues getting stopped up with deposit. An insufficient 
conversion of sulphur dioxide into sulphuric .acid may becai>;ed 
by too weak or too stroug a draught. The nitre m.ay decrc.ase 
in the chamber both through an excess of steam, which leads to 
formation of nitric acid, and through a deficiency of it, leading 
to chamber-crystals getting dissolved in the bottom-acid ; and" 
in both cases the strength of the vitriol falls off Owing to the 
fact that in acid-makyig a certain effect may be caused by 
different circumstances, the management of chambers is not an 
easy task, but requires great judgment and experience. 

• • * ,. 

Irregular Working. Loss of,Sitre. 

Having so far stated the conditions of the normal vitriol- 
chamber process, we must also consider how the proce.ss may 
become anomalous, that is faulty, which must in, every case 
lead to losses both of nitre and of sulphur compounds. 

Sometimes “free” nitrogen 'Appears hi the l^st 

chamber (never byfor^). It has been proved by Lunge and 
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Naef ((-'//t’w. !nd., 1S84, p. 8) fliat this happalis when the supply 
of nitre is ibnormaHy strong, irrwpective of a larger or smaller 
excess o^ oxygen, of which there is always far more than 
enough present. In this ca.se the formation of sulphuric acid 
is’finished*before the proper time; there* is next to no SO., 

' in the last chamber, and the nitrous anhydride, which cannot 
be again taken up by the*thambcr-gases, is altogether dis¬ 
sociated into NO and NO., the former being equally oxidised 
' to NO.,. The latter where it touches the chalnber-ac.id dissolves 
in it and forms both nitrous vitriol and nitric acid. Most 
of the NO... however, passes into the G.a\’-Lus.sac tower; 
and as the size of this appanitiis is only calculated to meet 
normal rcq\iirements, it cannot retain all the nitrous vapours, 
but emits a good deal of it into the air in the shape of ruddy 
vapours, thus causing a corresponding lo.ss of nitre. 

Far more si:rious are the c(.>n.sequenccs of a lack of mtre. 
In this case the formation of sulphuric acid is too slow, 
and there is too much .SO., in the back part of the 
chambers thus causing a denitration of SO.N H in the 
place. Very much NO is firmed, the chambers turn 
pale yellow, or, in extreme c.i.ses, grc)', and the temperature 
is either too high or too low for proper working. Owing 
tot^te relative excess of water the formation of the intermediate 
conqxiund SO.NH is greatly impaired; and the NO now 
forms with oxygen and water nitric acid, which sinks down 
to the bottom and dissolves unchanged in the chamber-acid, 
"and is thus withdrawn from the chamber-process. Such acid 
will not "show nitre” in the sense used b)- practical men— 
that is, it docs not give out orange vapours on addition of 
Water, because it contains little SOr.Nh, but for all that it 
may contain sr) much nitric acid that the chamber-lead is 
seriously attacked. The nitric oxide, on passing into the 
Gav-Lus.s?c‘tower, is fiot absorbed at Ml by the sulphuric 
acid, the excess of inert nitrogen preventing its action with 
SO., ami 0 , and at the top both NO and SO., escape, thus 
causing a double loss. A thirrl source of loss is the formation 
' of nitrogen protoxide, Nkp, for'which the conditions now exist 
to a much greater extc'it than normally (.sec below). All 
thik leads to a bacl” yield of sulphuric acid from the first 
arid to a great loss of nitre, and a* this instantly reacts 
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upon the chanibcr;process, tl*c floatini; quantity of oxyifen- 
carricrs being diminished at a,progressive r#te, it is no ^natter 
of surprise that things get from bad to worse, Kvery practical 
man knows, and Ifschellmann lias prowsl it in det.’dl (/. .S'ei. 
C/iCM. I ml., IkSq, [). 136), that when there has-been lack 
of nitre from any cause whatever it is necessary to introduce 
several times the amount originally wanting or “ saved," in order 
to remedy the "disease" of the chambers, as sonw people 
call it. 

Caiise.-ilif the Loss of Mho. —It is notorious that in no case 
whatever is the recovery of the nitrogi.n o.xides, employed in 
the manufacture of sulphuric acid, complete. I'.ven with the 
best nitre-recovery and denitrating apparalus, .md inuler the 
best po,ssible management, the loss is never below 2 [larts 
of is’aNO.; to 100 of sulphur burnt, and it is nearly alw.iy s 
higher than that, 3 parts of NaNO,, probably in<lic,iting the 
ordinary |iresent average. The .sources of this loss of nitre 
are various, and may he distinguished as mech.inical and 
chemical losses, Meehanieal losses are those caused by in¬ 
complete absorption of ^A',, or in the (»ay-l.ussae 

tower, by the nitrous acid contained in small (juantities in 
nearly every description of sulphuric acid withdrawn Irom the 
process for sale or use, and by any accirlental leakages from 
working-doors, chambers, etc. Chemieal losses are those catrsed 
by the reduction of thf nitrogen oxides belojv the point where 
they can be reo.xidised or absorbed in the (lay-Lussac tower. 
Generally thi.s chemical loss is a.scribed to a reduction to thy 
state of nitrogen protoxide, or even elementary nitrogen, or (by 
Raschig) to that of ammonia; but the latter, according to 
Raschig's own stateitienl, is found only in (|uite exceptiiinal 
circumstances and need not be taken into account for ordinary 
purposes. That a reduction to .\\,() iloes take place under 
certain conditions •(exces* of SO.^ ^ind undu^ local excess 
of water) has been proved by R. \V«ber and‘by my.self 
(p. 336); and it is likely that to a certain extent such conditions 
do obtain in every vitriol-chamber, but less than anywhere 
else just in the Glover tow^r, where such losj was at onj 
time believed to take place (p. 854). L’p to the mvestigation 
by Inglis (to be mentioned below\ it»\ras, however, entjrely 
uncertain what pr,opo|;tion ‘the mechanical and chemical k'i.ses 

\.v 
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bear to each other. The srios\; extraordinary discrepancies 
exist Vn Jhis respect. Some, ihemists as.sertcd that the 
mechanical loss, more especially that caused by incomplete 
action of* the Gay-Lussac tower, is by far the most potent 
soKree of joss of nitre (Lunge and Nae,f, Chan. Ind., 1884, 

< p. II ; Benker; Sorel, Z. Chem., 1889, p. 279); others 

were of the contrary opji'ion. It seems useless to go 
into the detail of this controversy here, as no conclusive 
proof was given either way, and we will op.ly quote some of 
the other papers bearing on this question : Hurf.er, Davis, 
Jack.son, Mactear, Cox, and Lunge, in vol. xxxix. of the Chem. 
iVi'Tw (pp. 170, 193, 205, 215, 227, 232, 237, 249); E.schellmann 
(y. Soc. Chan. Ind., 1884, p. 134); Hamburger {ibid., 1889, 
p. 167). An important part in the loss of nitre is caused by 
the cflki‘-/<acking of the Gay-Lussac towers. I had long ago 
(</ p. 791) proved that the coke reduces any nitric acid getting 
into the Gay-Lussac acid in the shape of N.p^, so that the 
nitrous vitriol issuing at the bottom contains only N., 0 .,. I 
have shown (in the same place) that nitrososulphuric acid 
itself is reduced by coke, NO escaping. This action is greatly 
increased by a higher temperature, and this may be one of 
the reasons why it is expedient to cool both the gases and 
the absorbing aciil as much as possible; it also seems to favour 
the‘use of Gay-Lus.sac towers containing a non-reducing 
packing (p. 792). 

Concerning the formation of mirogm froto.vidc {nitrons oxide), 
V’c have seen in Chapter Ill. (p. 336) that this will happen 
if NO (or N.jO.,) meets an excess of SO.j in the presence of water 
or of very dilute sulphuric acid. The reduction may then 
take place according to the equation— 

SO., 4- 2N( ) -t- H,0 = 1 l.,SO, + N.,0. 

It is not impossible that, under specially unfavourable circum¬ 
stances, the'reduction may even proceed as far as the formation 
of elementary nitrogen or of ammonia, but this evidently 
happens only quite exceptionally and to an altogether 
insignificant .extent; whilst mo«t chemists assume the forma¬ 
tion of N,jO to occur to a small extent, even in normally 
working-cha'wbers, at the pfaces where locally water and sulphur 
dio.xidc are in excess. Actual proof of thisj by showing the 
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presence of N,,0 in chamber-gifses, forineily coiikl noi be 
given; in fact, the analytical methods so f»r at ou: corfimand 
would hardly permit this. 

All the more important is the work doin' b)- Inglis (/. .Sai. 
Chan, bid., 1904, pp. 643 <■/ .n'-y.), who, at the siij^gestion of 
Ram.say, proceeded by the fractional distillation of liiiiiefied 
chamber-acid ga.ses, cooled to aLciit 185 by mean.s of liijiiid 
air. By this mean.s, and by repeated rectifications at .suitable 
temperatui^’s, the substances present ctjuld be divided into 
the follovwng fractions; (1) nitrogen and nitric o.Nide; (2) 
nitrogen protoxide and carbon dioxide ; (3) sulphur dioxide ; (4) 
nitrogen peroxide and sulphuric acid. Ihe fractions were 
measured and then analysed in the ordinary way. 1 he flue 
ga.ses at the Silvertown factory were tested in this waj', 
altogether 284 I. being treated will) fairl)' cons'.ant results. 
An extremely small quantity of nitrogen protoxide was iound, 
about 0 002 per cent. The conclusion reached from this is ; that 
the “ chemic.d loss ” of nitre is negligible in so far as nitrogen 
protoxide is concerned. The gases contained about 0^04 per 
cent, nitric oxide, and about 0-03 per cent, nitrogen‘peroxide. 
The total loss of nitre being o-l per cent., 70 per cent, of this 
lo.ss is accounted for by the mechaidcal loss in the shape of 
NO and NO.,, and depends upon the efficiency of the Gay- 
Lussac tower. 

In the discu.ssion following the reading of that papcir, all 
the speakers agreed that the " chemical loss" of nitre in the 
ordinary working of the chambers was altogether insignificant? 
Divers e.specially pointed out that it is now unnecessary to 
assume the formation of the hypothetic compounds, suggested 
by Raschig (</ p. 337)* 

Later on Inglis (/. Sw. Chan, hid., t<jo 6 , p. 149) describes 
very careful experiments made by his methods with flue-gases 
at a factory, whiclf led t8 the same result, v^/.,^that only 
very small quantities of XO.^ and N.,Oj are reduced to N .,0 
in the chambers; about^50 per cent, of the total loss of nitre 
is owing to incomplete absorption of NO.^ and N„0^ in the 
Gay-Lussac tower, and Imngc*s view in that reSpect is the' 
correct one. In his concluding pap^r (ddd., 1907,,p. 670) he 
sums up his results as follows; (l) the*amount of njtre Itxst 
as NjO is less tl»n 10 per cent, of the whole loss; (2)‘ a 
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consiclcriiblc proixirtioii is lost as nitrogen peroxide and nitric 
oxide,\lic relative proportions offlftcse two' substances depend¬ 
ing upon^thc escape of SO-; (3) there is a possible reduction 
to nitrogen. 

' It is a fcict that, by enlarging tjie Gay-bussac towers beyond 
the size formerly u.sed, the loss of nitre can be greatly reduced, 
and mention of this has btfcn made before (p. 7f'6). But it 
would .seem as if the practical limit in that respect had becir 
already reached when the Gay-l-ussac towers, witji ordinary 
coke-iiacking, have a capacity of 2, or at most of per cent, 
of the chamber-space. Any further addition of absorbing- 
power causes but an insignificant diminution of the loss of 
nitre. The cause of this is no doubt that pointed out by 
Bailey (/. .SW. C/ii'i/i. hui., 1887, p. y2), that the coefficient 
of solubility of in sulphuric acid is immensely rcdficcd 
by its enormous dilution in the exit-gases with oxygen and 
nitrogen, and that therefore a complete alwjrption of N.^O., 
is an impossibility; Sorel (in the place (pioted above) proves 
a similar reasoning by observation and calculation, showing 
that, in a'special instance, the exitygases were bound to carry 
away nitrous acid equivalent to 3 09 per cent, of NaNO,, to 
too of sulphur —that is, more than the best working factories 
consume altogether, and my observations have accumulated 
convincing material for such conclusions. It is true that 
direct analysis‘of the exit-gases in many instances fail 
to account for more than a portion isay a third or even 
'a quarter) of the nitre lost; but it cannot be denied that this 
may simply be an unavoidable fault of the analytical methods 
u.sed, as it is extremel)’ difficult, or rather impossible, to retain 
in 'ab.sorption-tuhes all the N.jO- or diluted with ten 

thousand times its volume or more of other gases. Any 
reasoning based on the analysis of exit-ga.ses is therefore 
cxtremelyMifisafe, if it < intends to prove'that the’loss from 
that source is too ‘small to dispense with the necessity of 
assuming a considerable chemical loss. 

It is even more difficult to estimate NO in excess over 
'the proportkin NO-pXff7when mixed with a very large excess 
of other gQses, and hencc^the above-mentioned conclusions are 
all'the .more uncefthin. Fhe loss* of NO may be reckoned 
p^rtlv among the mechanical and'partly auiong the chemical 
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losses. The former is tlie case uHien any NO which lias . onic 
from the chambers thcmselv -s has only im'chanicrlly Escaped 
oxidation into NO., and consequent absorption in the Ga\'- 
Lussac tower ; but it must lie reckoned as chemical loss if 
the .NO has been formed witli.’ii the (lav-l.ussac Jower itself 
by some reducing action on nitrous vitriol, \\ e ha\e seen 
that such an action may take i.'ace by an accidental e.Ncess 
of SO.,; but this happens only exceptionallv, allhouoli it 
is possibly that .he SO.,’ alwa) s present in exit-qa-ses even 
with the were Irest work, in spite of its very sliqht (juantit)- 
exerts a certain reducing-action in the (iay-l.iissac tower. 
Iljelt (/^wg/. /'ll/)'/. /., ccxxvi. p. 174; t f. :dso our first edition, 
p. 570) ascribed a certain loss of nitre to the oxidation of 
arsfuious to arsenic acid in the Gay-Lussac tower, amountin}.; 
to(? l2 nitre per too of II.SO, made, and Davis ‘( /iiiii. .Lcricr, 
xxxvii. p. l-iS'l went even much further in that respect; but 
the latter did not uphold his views later on, and even lljelt’s 
observation seems to have been ciuite exceptional, to judge 
from ob.scrvations communicated to me in a letter from Dr 
Th. Krnst, of Lehrte. KWdently ar.senious acid cart play but 
,1 vcr\- small part indeed in that matter. 

Distyilnition of (iuses and Rato of l■orntalion in liio I 'ariotis / 'arts 
of the \’itriol-(liandiois. * 

The following ob.servations and considerations (xissess 
far more than a merely theoretical interest. They arc 
intimately connected with the questions — which is tlrt; 
be.st shapic for vitriol-chambers? are contact-surfaces for the 
better condensation of the acid to be provided, in addition to 
mere chamber-space? what is the real duty performed b)* the 
various parts of a set of vitriol-chambers, and can that duty be 
performed in a more advantageous way ? ami so forth. These 
questions have beelt treatefl at considtrable Icngtdi in preceding 
chapters, and they also influence the theory of the Sulphuric 
Acid Manufacture (see below). 

The experiments made by H. A. Smith, and recorded in his 
pamphlet, On the Chemistry of*thc Sulphurio AciohManufactuit 
(London, 1873; cf. siiprot, p. 454), jrc entirely uq,trustworthy, 
as pointed out several ti.mes before, in^nore deta’l, i|i thr«first 
edition of this wcrk.^ip. et seq. His conclusion, that The 
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chief portion of the acid mad 5 in the chambers is produced and 
condensed (tlose tolhc surface of ■the acid already formed in the 
chaml)Crs, has not been confirmed by an)' other observer, and 
we will not detain ourselves any further with it, as it is also 
in ' direct tontradiction to his pwn analyses of the gases, 
llasenclcver (A, W. Hofmann’s Report on the Vienna Exhibition, 
vol. i, p. 17S) fixed lead disheS in several parts of his chambers, 
covering them over at a distance of a foot, and thus found that 
about the same quantity of acid was fortlied al| over the 
chamber. His conclusion certainly cannot be proved definitely 
in this way, since the dishes act as contact-surfaces, as we shall 
see just now. 

Mactcar (/. .SV. Client, hid., 1S84, p. 224) has published an 
extensive scries of observations on the distribution and con¬ 
densation of the gases in the vitriol-chambers. So far as they 
go towards settling the ])oint at which part of the chamber the 
principal formation of the acid takes place, they are of no use 
to us, as they were ba.sed on a wrong principle, viz., that of 
observing the quantity of acid condcn.sed on trays of a certain 
surface. It has been fretiucntly slwwn, and that bj' Mactear 
himself in the same paper, that solid (or liquid) surfaces within 
the chambers have an intense condensing action upon the acid, 
which means that the mist of im[)alpably small drops on striking 
such surfaces condenses into large drops and collects upon the 
trays'; hence the-'quantity of acid running away from the trays 
is not that made in the space above them, but represents a very 
much larger quantity, made partly, and possibly to the greatest 
extent, at some distance from the place where the tray 
is located. 

'How unreliable is the plan of testing the amount of sulphuric 
acid formed in a special part of the chamber by means of 
collecting-trays has been very clearly shown by Naef {Chem. 
Iltd., 1885, p. Hi). The condition supposed' to exist by previous 
observers is this, that the trays collect all the acid formed in 
the vertical space above them. If it were so, next to no aeid 
would be found when the tray is provided with a cover. If, 
however, the"^ drops fall down itt a slanting direction, some acid 
will be found, and its quantity ought to vary in proportion 
to the distance between the tray and the coven But even 
,this is not the case. Naef placed within the chamber on one 
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side ail open tray,•and on the other side a tray with a wider 
cover suspended over it at a variable distiftice. T.'ie <r6sii!i of 
weekly averages was this:—that the tray with the cover 12 in. 
above it collected exactly as much as the open one, and even 
when the cover was only 4 in above the tra)- the ac«d collected 
was nearh' as much as on the open tray. Repeated observa¬ 
tions confirmed this result entirely. T'liis surprising phenomenon 
cannot be explained by a slanting fall of the drops, for it would 
suppose tlje fal^ to take place at an angle of 20 , which cannot 
be produced even by the most violent movement within the 
chamber, far above anything which really cxi.sts. There is no 
other explanation than one to which a very large number of 
former observations in all possible cases, also those of Mactear, 
irresistibly lead—that the suliihuric acid, when formed, exists 
in ftie shape of a very fine mist which is ver)' slowly ilcposited 
in the form of a rain of real drops, and is carried forward by 
the gases for long distances, lint is suddenly condensed to real 
drops when striking against solid [or, perhaps, liquid] surface.s. 
Therefore the acid is not deposited at all in a bquid state 
where it is formed, but fmther on, in very different*quantities 
according to the surfaces it meets ; hence the apparent con¬ 
tradictions betw'cen the results of gas-analyses and those of 
measuring the acid condcn.sed on trays. The latter mof^e of 
observation is utterly worthless for deciding the question of the 
progre.ss of the chemical reactions; this* progress • must 
undoubtedly be studied by gas-analyse.s. This la.sl method 
presupposes that the gases in any special transverse .section df 
the chamber arc somewhat, although not absolutely, eijually 
mixed ; but that this is .so, has been proved by the results of 
Lunge and Naef (sec later on) as well as by tho.se of Madtear 
himself The fact that nearly as much liquid acid is condcn.sed 
on the trays near the top as upon those near the bottom of the 
chamber is easily ^xplain^d by Abraham’s theiJry^of a spiral 
movement of the gases (see below), of which it is, indeed, a 
necessary consequence. ^ 

Hence we cannot accept .Mactear’s conclusion that the 
principal part of thi; acid is rAade in the upper [Jortion of the 
chamber. In fact this does not agrfc with his owa analyses of 
the chamber-gases, and even less with’his further Qonchfsion 
(p. 228 of his pnpei^ tha*t the principal condition is that o( 
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“ having ample chamber-spate, the form of the chamber not 
being Vw material.'’ The argument that the sulphuric acid 
forming and falling rapidly towards the bottom of the chambers 
must displace the gases and force them to the upper portion is 
fallacious ; <for the volume of the afid formisg is several hundred 
’ times le.ss than that of the gases concerned in its formation, so 
that the above-mentioned aotfon must be imperceptibly small. 

Mactear’s observations on the rate at which the acid is 
• formed in different chambers of a set are ver/ interes,ting. The 
following table shows the composition of the ga.'.e.s in the 


(ins CIlllTitljr tlie— 



(iil»VC 

i 1 st 


1 

1 Sni 

4 Mi 

61 li 

C)th 

'■ 

(itiy. 

Rxil- 

gM. 


tuwfr 

1 cll. 

1 

<-li. 

1 ch. 

cll. 

cll. 

cll. 

I.ussac. 


SO,, .... 


1 

i tKt 

4-5 

2-6 

1-4 

0-7 

0-3 

« 

0 

6 

0-03 

Oreijiiii eil loforni SO.. 


! 3-' 

2-2 

1-3 

0.7 

0-35 

O-II 



N equivalent (o Fe.,0, 
and SO i. 

45,6 

i 45-2 

I 9-4 

46-6 

48-0 

48.9 

49-4 

49-7 

49‘9 

50-0 

0 in excess air . 


^■7 

lO'O 

10-2 

10-3 

10.3 

I 0'4 

10.4 

N in excess air . 

, 15-9 


3^.9 

3«-o 

38-7 

39*1 

39-4 

39-5 

39-6 

N.,0,,. 


1 0-12 

0-12 

0-!3 

o-t3 

0-13 

0.13 

013 

0*01 


different parts of a set of chambers, connected with a Glover 
and Gay-Lussac tower, calculateil from a long .series of observa¬ 
tions, In the original the figures arc given to three decimals 
per cent., but we.reduce them to one decimal, the estimations 
certainly not being accurate even to that place. The nitre in 
the origin,d is all calculated as .\., 0 ,, which is certainly wrong, 
and looking at the imperfection of former analytical methods, 
we must .accept the figures for nitre with all rceserve. 

The nc.\t table shows the comparative condensation of acid 
' in the si,\ consecutive chambers;— 


N'l). of 
'liamtwr. 

V 

H0SO4 ill Kclll 1 

j Excess i.'atcr- | 

•Per cent, of 
made in 
each oiiamber. 


'I'otii. 

; i 

Tons. j 

; 

. Tons. i 


I. 


19-89 i 

3-63 

1 33-20 

2 . 

, 2^'59 

18-63 j 

3 ' 9 i 1 

30-26 

3 * i 

20.35 ■ 

14 - 89 ' 

5-46 

; 24-11 

i 

10-23 

tt 

5-88 1 

7-04 

, 5 - 1 

5'84 ■. 

3 - 0 ') 

. 2-75 i 

5-00 

•ft. < 

2 .t 9 

1 0-86 

■ 1 

J -39 
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The followiii" tiiblc is takeft from Mactcar’s paper, and 
shows the comparative condensation of the*sin,L;Ie cha'vrAicrs of 
various sets of sulphuric acid chambers 


Chamber 

I 


ll-l' 

3^-5 

58-} 

34 -> 

3 VS 





3o-2(. 

24-S 

35 -^ 

-’O-O 

fi -2 

20-4 


3 

18-71 

24-11 

I'l-J 

1 ;-i- 

I'l-: 

22-(i 

lh-5 


4 

10-52 

7-04 

15 -' 

0-2 

IS-I 




5 

*>•45 

5-00 

;.8 ' 

3 -- 

?•’ 




f» 

3-73 

i‘V) 

2-1 

: i ’4 

0-5 




7 





0.3 



'ruimcU 

. • 

• ... 





I*! 

4-7 


• 

IOO-<X) 

too'Co 

loo-o 

lOO-O 

' lO'VQ 

i 00-0 

; 100-0 

(’hdinUr 

] 


3«-7 

784 . 

53 -'i 

81-8 

201 

3 2 -0 



3 "-i 

33 -^' 

21 1 


17-8 

31 -.3 

2C-IJ 




I2-'J 


')-2 


20-4 

• 7-5 


4 


<1-8 




1 1-S 

1 5-7 




3-1 

I -c 




7 -'> 

j. 1 

5'4 


7 








Tunnels 






0-1 





100-0 

100-0 

100-0 

too-o 

loo-tj 

• 

100-0 


Crowder (/. .See. Chem. htd., i .S90,p. ’,02) quotes the resultsobtained 


with "ascs taken from te.stiii" 

holes in 

the connecting 

pipes-..- 

• 

, 


DiHl'ktliix. 

» 



t) 

SI 


‘ From Glover lower to No. 1 chtimhcr 

t..(> 

.. . 

8-0 

5-2 

11-8 

.. No. 1 to No. 2 . . . 

4-4 

7-5 

2-4 

11-8 

No. 2 to No. 3 . . • 

I-> 

5‘7 

1-2 

10-6 

! No. 3 to No. 4 . • - 

0-4 

6-1 

0-6 

10-2 

j „ No. 4 to Gay-Lussac 

0-3 

5-7 

0-) 

'*3 


Another series from a Scotch works, with a set of six chambers:— 


j SO.. •. 0. 


Glover tower to Ko. i . \ 

6-32 

12-55 

No. I to No. 2 . . -1 

4.44 

n-8<> 

No. 2 to No. 3 . • •• i 

7-63 

11-28 • 

NA 3 to No. 4 - • • I 

1-40 

10-86 

No. 4 to No. 5 . • 1 

^.70 

10-61 , 

No. 5 to No. 6 . . • } 

0-26 • 

10-46 • 

No. 6 to Gaj'-Lussa*c,. . i 

• * ' 

0-035 

10-38 
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Probably the most extensive arid complete investigation on 
the ph'diomcna talcing place in 'the vitriol-chambers has been 
made by,myself in conjunction with Dr Naef at the Uetikon 
Alkali-Works near Zurich, where a set of chambers was placed 
at our dis^rosal for this purpose during" a period of several 
months. From our Report thereon ( Chem. Ind., 1 884, pp. 5 et seq.). 
I have already (luotcd in''Several places, c.g., the methods 
employed for testing the gases (p. 580) and the observations of 
chamber-temperatures (p. 940). 1 here giye a (Very short 

abstract of the important results obtained, which in M essential 
particulars have been entirely confirmed by a similarly extensive 
investigation made by Retter at a Hamburg works {Z. angew. 
Chan ., 1891, pp. 4 e ! av/.). The set of three chambers observed 
has been briefly described on p. 9.1.1. They were provided in 
twelve different places with complete sets of absorbing-tubes, 
large aspirators, and everything else required for making the 
mo.st detailed and accurate analyses of the chamber-gases 
hitherto attained.' 

The first six experiments proved that in a nonnally working 
set of chambers, containing a plentiful supply, but no excess, 
of nitre, the nitrogen oxides in the last two chambers did not 
contain any “free” nitrogen peroxide,- but their composition 

“It is Inic that even tliese analyses da nut represent the ahsolute facts 
of the ctisc. Some changes may, and even must, have taken place in the 
gases \>n their passage thrtiugli the alrsorhing-appanitns ; more especially 
the estimation of NO is not one of the most accurate operations. Nor can 
it be assumed thtit the samples of gas aspirated always represented the true 
average of th.it part of the chamber ; and it was altogether impossible to be 
sure Ilf following up one and the same hatch of gas during its progress 
through the chambers. Our analyses cannot,, therefore pretend to be 
authoritative in till details, but they may certainly be taken as representing 
the general working of the process. Sorel’s criticisms of our methods are 
not very appropriate, as he does not suggest any better ones ; his own plan 
of analysing nokijing but the ijrip-acids is altogether, misleading, as it takes 
no notice whatever of the proportions of oxygen and nitric oxide in the 
surrounding gases ; and as it seems, from his description of the process, that 
he measured the reducing power of the acid by running a solution of 
potassium permanganate into the vitriol, instead of vrlce versif, he must have 
'.'ound nitric aeid even where none vas present, as proved by me in 1877 
(StK, vol. X. p. 1074). 

* To avoiirepetitions, »ve do not distinguish between NOj and NjOj, but 
cafl the mhxture “nitrogen peroxide.” “ ^yponitric acid ” is an antiquated 
expression. In the following abstract of the observations made in 1883 ,1 
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corresiioncicd to that of nitrogen "trioxide (nitrous anhydi Idc), 
It had been assumed by Hcri.cliiis, and lalJr on by 14 'Weber 
and by Hascnclevcr, that was the real oxygen carrier, 

whilst most other chemists assumed that it was nitrogen 
peroxide; but Berzelius altogether confused N.O.,#and Na),, 
and Weber and Hasenclever, although the)', of course, clearly 
distinguished between these two\.ompounds, did not give any 
proof whatever of their assumption that the nitrous gas within 
the chambers is S.X )j, not N.,(),. The observations and analyses 
of Naef aiRl myself for the first time gave a bases of f.ict to the 
statement that nitrous acid is the real oxygen carrier in the 
vitriol process. These observations have clearly established 
the fact that i/i n noruhtUy -.^'orking ilhinilh'r no nilrogrn 

peroxide is foiir/ii, ami Retter’s observations (i f . p. p6o) have 
entifcl)' confirmed this, it is true that it was i.npossible to 
distinguish entirely between the single nitrogen oxides in the 
chamber, as unfortunately no anairtical methods are 
known by which this could be done in the presence of the 
large quantity of SO.j existing in that place; all that can be 
(lone is to ot/en/iite the nitrogen oxides either intd NO and 
NjO.,, or NO and NO.,. But that the lormer, not the latter, is 
advisable, is proved b)- our further experiments, which showed 
that even when abnormally N/), rvas produced in the tjiird 
chamber, )et the second chamber never contained any ‘‘ free 
nitrogen peroxide.” ’ . I priori it is also mtrsl unlikely that 

in the first chamber, where the reducing action of SO, is so 
much more potent than in the second and third chambers, thf; 
nitrogen should bo in a higher state of oxidation than in the 
latter chambers. It is therefore to be considered a fact that 
the nitrogen oxides present in the last eha/niers eorrespond esshiti- 
aUy to the composition of nitrogen trio.ride, neeowpanied in the 
first chamber by nitric oxide, N 0 . 

Another set of five experiments was made ifl t(jis manner, 

• . 

.retain the expressions “nitrogen trioxide” or “nitrous anhydride,” then 
considered to correctly denote the facts of the case ; but wc now know 
that the NjOj found by analysis is almost entirely dissociated into N() and 
NOj in the gaseous state. • • * 

‘ The expres?ion "free nitrogen peroxide,” in this and every subsequent 
case, means that portion of.NOj whicli Ik in ^.xccss over.Ahat whicli is 
necessary to form N.O. with NO, according to the equation : N<) + bf »■. 

NA- 
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that the quantity of nitre was increased far'beyond the normal 
measuvci, sj> that ailarge volume wf yellow vtaponrs escaped from 
the Gay-Lussac tower. Under these anomalous circumstances, 
'rce nitrogen peroxide was found in the third, but never in the 
ietond chamber, llte chambers therefore, contain free nitroi^en 
Peroxide only when the snfply of nitre is abnormaUv hioh. The 
brmation of nitrogen peroxWc must be regarded as a secondary 
■caction brought about in the following way:—With an 
ibnormally high supply of nitre the oxidtition of SO.^ into 
lI.iSO^ is almost entirely finished in the first chamlx'rs, as far 
IS it can be driven (which is never up to the entire extinction 
)f SO.,). There is hence very little .sulphuric acid floating about 
as mist in the last chamber, and there is thus no impediment 
to the oxidation of NO going on to NO.,, which, as we shall 
.see, docs not take place in the presence of sulphuric "acid. 
Moreover, the SO., still present in the cases here treated is of 
such minimal (piantity (0OOO4 to 0003 per cent.), that its 
reducing action can scarcely be expected to be felt. The 
conclusion to be drawm from all this is that free nitrogen 
peroxide, dvintt absent in noiiii<dh„ ’working chambers, cannot 
take any essentia! part in the formation of sulphuric acid in the 
','ilriol-chambers. 

|When .s|)eaking of'■ normally " and “ abnormally " working 
chambers, I always mean those terms to be understood as 
valid, for the old style of working, with a chamber-space of 
at least id cub. ft. per lb. of sulphur. In the "forced or high- 
pressure style ” [production intenst^, frequently referred to, 
where .so much acid is produced in the chambers that only 
1 2 cub. ft. of chamber-space or even less arc allowed per pound 
of sulphur, an excessively large supply df nitre must be given, 
which at all other works would be c.alled " abnormally high," but 
’certainly not so under those exceptional circumstancc.s. This 
le.ads to the regular appearance of nitrogen peroxide in the 
last chamfier, and pt'rhaps even of nitric acid in the nitrous 
vitriol of the Gay-Lussac tower. Sorel’s statements in this 
respect are made uncertain by the 'fault in the .analytical 
.method employed by hirs (cf .above, p. 960, footnote), which 
would tend^ to make the proportion of nitric acid larger than it 
was in reality-.) ' * 

' Special experiments made by Lunga and Nacf proved the 
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following iniportaift facts:—i. KvVn willi an abiinriiially jow 
percentage of oxygen in the exit-gases *(4 per cent.) the 
formation of free NO., takes place when an excels of nitre is 
sent into the chambers. 2. hiven with an abnormall)' high 
percentage of oxj-gen in the exit-gas (S iS to lyio par cent.) no 
free NO., is formed when the supply of nitre has been a normal 
one. This shows th.it r/o' i air si iit into thr iitainbcnt 
hai HO iiilhiiiioc toliatrvrr upon the lornuition o! lirr nitrorrn 
peroxido, w],iich, the contrar)-, is iWiiKsirrly caused by an 
excess of mtre. 

In Lunge and Naef’s paper now follow experiments on the 
losses of nitrogen compounds, which will Ire mentioui'd later on, 
and then ex|)eriments on the ilisiriniition of the ;2,asos and tho 
progress of the proms in the rliaiubrrs. h'or this ]turpose eight 
sets*uf absorbing-tubes were fixed in wirious ) arts ol the 
chambers, three of which «e re alwae s workeil simultaneously ; 
in each place at least go 1. of ga.ses were aspirated for ever)' 
test, the whole being finished within five or six hours. Five 
different complete sets of such observations were maile, 
comprising both normal wojrking and shortness of nifie in the 
cli imber. 

It would be too length)' to give all the details o( the 
analyses; thev prove the following facts;—When the chambers 
are working in a norniid wa)', the percentage of .SO., in th 
ga.ses decreases very rpuckly, and in the mhldle of the. firs 
chamber has alread) fallen from 7 to i -; — i ap per cent., so tha 
about 70 per cent, of SO.^ must have been converted int' 
sulphuric acid. From here to the end of the first chambe 
there is very little action, and onl)' 4 per cent, of tlie origina 
S 0 „ is here ab.sorbed. * \\ hen entering into the second chauTbe 
the reaction is suddenly revived, and in its centre the ga.se 
contain only 0-2 to 0-4 per cent, of SO,., 2n per cent, of th' 
initial SO., being absorbed Here. 

From this point to the end of the set tire oxidation proceed 
very slowly, and never to the point of absolutely extiiigiiishinj 
the SO.,. The diagrams, Fig.s. 438 and 339, show this both fo 
the normal wi^rking order (in ihe thick line) aniDfor workini 
short of nitre (the thin line)—the hoyzoiital lines co[res|)ondin| 
to the length of the chafiibers, the perpendicular liii^s to*th 
percent, oxidation.of .SO.milto iI,SO,. There is also a doti'o 
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curve added, representing the progress of tbu process according 
to Hirtprj’s theory {cf. below),tvvhich is seen to agree much 
better with the normal than the anomalous style of working, 



This agreement comes out still better in Fig. 339, representing 
the results obtained in another, intermediate, testing-place. 
These experiments for the first time established a fact. 



subsequently confirmed by all similar oE).scrvations, the whole 
importance of which will appear below, viz., that the conversion 
of SO., into 11 .jSO, takes place very quickly as far as the middle 
of the firsp ehamhe>\ then slackens' very tUnch, hut is suddenly 
revived udien the jpiises pass from this into the next chamber. 
This fact was at the time explained merely by a better mixture 
of the gases, but we shall sec that this explanation should be 
Supplementrtl by other' 'and perhaps even myre important 
considerations; and it h.is formetl the first basis for the 
practical,improvements proposed by ,'hyself, as described above 
,(PP- 657 ■J'Y')- ‘ ' ' 
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The observation, made by Lunge and Naef at the L’e;ikon 
Works, that the reactions afteaslackening in»the last,():ijtiof the 
first chamber experience a sudden revival when th,. gases pass 
into the next chamber, has been confirmed by later observations 
of Naef’s at the British Alkali-Works at W'idnes {i'/inii. htd., 
1885, p. 285), by Schertel at tfie Frcibeig Works {ibid., 1889, p. 
80, and Sdihs. jahri'sber. f. firi i;- 1890, p. i yS), 

by Sorel (/f. angew. Chem., 1S89, p. .70),and Rotter {/.. 

Chdti., 18^1, p. 4), and this must be looked upon as an 
cstablishecVfact, the consequences of which for the theory of the 
vitriol-chamber process will be mentioned later on. 

Another set of Lunge and N'aet's experiments referred to 
the question /rere far the gasr.^ gd mi.vi'il ug in ihrir grogSiS.^ 
through the chamber. 

tfor this purpose the gas was aspirated and tested simultane¬ 
ously from three places, I) ing in the same vertical line in the 
side of the first chamber, with the results given in the following 
table ((r = top; /'=middle; C"bottom). 

' I. • I 


0 . 

' 9-63 

10-37 

,s ..,5 

! 5-15 

i-f.-’ ' 5 -r» 

N . 

89-90 

88-89 

90-1.4 

9^*05 

9^-29 92-2 7 

SO.. 

047 


* 0-73 

o-yi 

2-2.8 

. l-'I't 2;lS 

No” 





0-05 

o-o6 006 

N.p,, . 

. . 




0-10 

o-cy 0-11 



3 - 



4. 

5 - 



• 

h . 


a. 


1 .. 

0 . . . 

6.68 

6*07 

604 

5 - 9 « 

5-42 

6-37 ■ 6-27 i f.-27 

N . 

91*28 

91*84 

91 • 9 « 

92.64 

93-17 

91 -71 •9170 19179 

SO.j 

1-86 

1-94 

1-88 

1-20 

. •] 1-20 

I-S 9 ■ 4-03 1 1-97 , 

NO . . 

007 

006 

o-o6 

006 

; 0-86 

NA . . 

0*12 

009 

0-12 

0-12 

0-14 

. i . 1 


The differences in composition found between Vr, b, and c 
here are certainly but slight, , , 

For the following expertments three lead tubes were, pa;,dt;d 
:hrough the chambar-top in the centre line, on the same cross 
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were sit/jafed, the three inner tubes reachiilg down to the same 
vertical height as the points n, b, c. Gas tests were taken at all 
six points at the same time, with the following results;— 


; It. c. 





'1 

>p- 

MMitn. 

Bottom. 




Insulf. 

[ (Jiltsiiln. 

Intiitle. 


Iii8ide. 


x|i. A' 

0 . 


• i-u 

. 7-I-’ 

7-;6 


<1-9.1 

7-39 


N . 


■ 90-43 

tyI-07 

89-98 

VO-78 

90-71 

90-85 


S(».. . 


2C3 

{•iih 

2-o8 

1-67 

2-lS 

1-58 


N() . 


o-o8 

C-08 

o-o8 

O-IO 

O-IO 

O-IO 


N,.o, 


0-12 

o-oS 

O-I [ 

0-09 

0-07 

008 

X|). IJ 

SO,. 


. : 2-20 

I ■<)() 

2-03 

1-82 

2-04 

1-93 


The ililTerence in the composition of the gases lierc also is 
much slighter than was formerly assumed. More especially 
it was found that, contrary to former theories, the SO., is almo,st 
uniformi)- distributed at top, middle, and bottom. But it must 
bo mentioned that there was, without any exception, consider¬ 
ably less SO., found at the outside places, near the chamber- 
walls, than in the centre of the chamber. This was noticed by 
l.imge and Naef at the time (bw. dt. [) 17); they distinctly state 
that it |)roves that the reaction between SO., and O is rather 
stronger near the walls than in the centre of the chamber. A 
full explanation of this fact was only given several years later. 

A last .set of tests, in three places one above another in the 
first (piarter of the first chamber, showed :— 



Kx]-. A. 

MIdili*-. 

IhjUom. 


Kxp. B. 

Mi.lille. 

Bottom. 


* 6-*6 

6-79 

5 .S 9 

6-07 

5-81 

90-34 

9>13 

90-14 

90-70 

90-31 

90-86 

3-07 

3-6i 

3-07 

37J 

3-62 

3-33 


The entering gases hud contained 6-6 per cent. SO.^, so that 
at this plapc already abopt 50 per cent, of the SO. had vanished 
only 3Q.ft, from the'front end of the; chamber. 

AU these e.xfieriiiieiils (with which the observations of 
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temperatures, pp. 940 ct saj., agree) t/iat ih,- gons iciJiiii 
the chamber are very quickly niixed /</, u tm/ever may, he the 
cause of this, but that the tuixture is not an absolutely equal one ; 
there is always more SO,, iu the central yarl of the chamber than 
on the outside, or a' top and bottom. Kt-Ucr (lA p. (/>o) 
confirms this. 

It must be espcciall}’ in.sisted (.t; that the ililTereiices belwcen 
the analy.ses of various samples (A gases are far greater llian 
can be accounted for Ir)' analytical errors or b)- the inaccuracy 
of the nietl»)ds; it was distinctly proved that in some parts of 
the same transverse .section there is inoi'e SO.,, in .some more 
O, in some more nitre, and it must be inferrerl without a 
shadow of doubt that there is in some places more moisture 
than in other parts of that section. Anybod)- who lias 
expa'ienced the difficidty of completely mixing twi currents of 
gases, even when experimenting on a very small sc,ale, will 
regard this as a matter of course. Tho.se, therefore, who 
contend that Lunge and .N'aef’s analyses prove ;m absolutely 
uniform composition of the gases in the same section of the 
chamber, and who from tlijs infer the uselessness (A a more 
intimate mixture, are altogether wrong, the above contention 
being erroneous; Schertel himself {Sachs. Jahresber., i.Spo, 
p. 144), w'ho had formerly adhered to the just-mentioned 
opinion, afterwards found that the mixture of the gases is not 
at all absolutely perfect.* • . . 

Thus Lunge and Naef’s obsei vations have refuted all the 
various theories according to which the sulphuric-acid making* 
process either takes place principally close to the bottom-acid 
(H. A. Smith) or immediately below the to|) of the chamber 
(Mactear). They arc,' however, altogether compatible vfith 
Sorel’s view {cf. below), which demands a stronger formation 
of acid near the chamber-walls, and with the following views of 
Abraham {Dingl. polyt. J., i,S62, vol. ccxlv. p. 41O), c*incerning the 
path taken by the gases within the chambers.* 

After refuting the opinion ])ronounced by Schwarzenberg, 
according to which the Gurner-gases at once rise to the top of 
the chamber, and then gradually,sink down in nearly' horizontal* 
layers, Abraham states his own irleas^as follows:—"^he burner- 
gas, on entering the first'.chamber, meef.s' a ga.sco'us .mixture 
, whose temperature, and composition differ but little from its 

1 rr 



TH£' CHAaSiBER-FROCESS 


9(!8 

own ; it therefore spreads all over the front -part of the chamber 
from t,op to bottopi, and is slpjviy propelled by the draught 
along the chamber all over its transverse section. The forma¬ 
tion of sulphuric acid also takes place regularly and equally at 
all points (if each transverse section, taken at right angles to 
the length of the chamber, first rapidly, then more slowly. 
(This part of Abraham’s thep.y cannot be accepted.) The heat 
produced by the reaction rai.scs the temperature of the interior, 
whilst at the side walls and the tups this beat is carried off 
by radiation outside. Thus is produced a differejnee in the 
temperature and the density of the gases which must lead to 
their rising in the centre of the longitudinal section, and to 
their de.scending along the sides of the chamber. Since the 
cau.se of this difference of temperature is constantly acting, 
the just described movement goes on through the liatigth 
of the chamber, and is modified onl)' at the ends, both through 
their own cooling action, and through the contraction of the 
current produced by the connecting-pipes. Hence the gases 
travel in vertical layers at right angles to the length of the ehamher, 
from the front to the back end, but each single gaseous molecule 
describes a sfiral line, 'whose axis is parallel to the length of the 
ehamher. 

This is of course only a general expre.ssion of the path of 
the* ga.ses within the chambers, and is modified locally by 
special circumstjinces; but it accounts for the approximate 
equality of the composition of the ga.ses and temperatures 
ob.scrved in Lunge and Naef’s, and even in Mactear’s 
experiments. 

Jmprovements proposed for Aeid-ehamhers in aeeordanec 
with the above-described Investigations. 

Hartniann and Henker {Z. angexo. Cliem., 1903, pp. .S61 to 869) 
accept this t^heory and _ base thereon tham arrangements for 
producing'the propel movement of the gases by means of a fan, 
placed at the end of the system, by which means they realised 
a very strong “ intense production." Th. Meyer {ibid., p. 927) 
^strongly contradicted theit assertions. 

I’orter (J. .loe. t hem. Iml., 1903, p. 476) made' some experi¬ 
ments with‘a glass model chamber faim which he concluded 
that the'gases should be admitted into the chamber at the 
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bottom, aiul llic stejim at either «ici, so as to intermix will the 
centre core yf belli incoming riul outgoing ^iscs. ,, 

Rabc {Z. Clu-iii., 1910, p|). S ti> u. (ier. I’, J5;5i')i), 

starting on the assumption of tlie correctness of .ihraham's 
theory, proposed to introduce the gases into the chayihcr in ihe 
direction of those spiral lines, that is in middle of the front wall, 
with an upward direction, so that’the gases should at once rise 
to the top, then descend to the bottom and thus start on the 
double spiral lines; special wa)s can he made for them by 
branchingyiff tofvards the sides. The movement of the gases in 
the desired direction is promoted b)- sprays of water or steam, 
not opposite the direction of the gaseous eurrenl, as Hartmann 
and Benkcr prc.scribe (H’iJ., 1903, ]). .S()5), but parallel to that 
direction, for which purpose they are placed so as to plav 
against the side walls, or in the centre U|mards, so that the 
water only arrives at the bottom when it has bci-n converted 
into sulphuiic acid. As this will not take place very eipially ,ill 
over, the sprays are better made with dilute acid. This wav of 
increasing the spiral movement by means of properly arranged 
-'prays may also be followei^ with Meyer’s tangential chambers 
3p. 622), both for the upper and especially for the lower part of 
the chamber. 

Th. .Mej’cr (Z. t/u’v:., 1910, |). 555 , referring to his 

above-mentioned former paper on this subject, says that Rafte’s 
view's cannot be accepter] until trier! on a pisu tical ,scale„l)olh 
concerning the way of introducing the gases into the chamber, 
and still more .so concerning the placing of water- or sul|jhuric» 
acid sprays in the direction pre.scribed by .Abraham's theory. 
He states that alrearly in 1900, when the first “tangential 
chambers " were built,*the steam-jets w'cre placcrl tangentifilly 
so that there would be no novelty in doing the same with jets 
of liquid ; but his own experiments in that line rlid not show 
anything like the etcpecter^ increase wi the spiral movement, 
and the expen.se of raising and injecting all the chamber-acirl 
in this way is quite prohibitive. For tangential chambers there 
is no need of such an artificial means of increasing the move¬ 
ments of the ^ase.s. Rabe p. :i35) replies to him that* 

Porter’s experiments with a glass rriodcl [supra, p. 96.SI; arc 
inconclu.sive, as they were made with ctfld gases'an^l under 
circumstances oth^rwiije eirtirely different from those of tne 



970 


THE CHAMBER-PROCESS 


vitriol cliambors. Rabe upholds his views aod again advocates 
the intneduftion of ti large quantity of chamber-acid in the form 
of a spray^ in order to produce an appropriate movement and 
mixture and cooling of the gases, more particularly for 
tan'gcntial rhambers. 

On the other hand, Heskow {/.. angew. Chein., 1911, 
pp. 200 to 206) experimentafiy investigated the movement of 
the gases in ordinary vitriol-chambers, in the same way as 
he had previously done with Meyer’s taifl^ential chambers 
(su/tra, p. 625). lie did not in this case fimf currents corre¬ 
sponding to Abraham’s theory, but he conceived the idea of 
producing such currents by dividing the gases, before entering 
the chamber, into ten smaller tubes and blowing them into the 
chamber near the bottom in various places. He also took out 
a Swedish patent for this (No. 2S332), but a chamber built' on 
this plan at Ilclsingborg did not realise his expectations a.s 
to increa.sed prrxluction and decreased consumption of nitre. 
Later on Ral)e’s .system was published, without taking notice of 
lieskow’s previous work in this direction. 

Olga Niedenfuhr (Ger. P. i,S9283) introduces the gases into 
the chambers on the top by central or .symmetrically arranged 
openings, and after they have s|)read eipially all over the 
chaniber, without any mechanical device, they leave the 
chamber b)- central openings in the bottom. l!y her 
Ger. .P. ib'9330 .'.he applies the same w;iy of introducing and 
taking out the gases also to reaction-towers, and her 
Ger. P. l^'9^'3.| shows how a spiral movement of the gases may 
be bniught about in chambers of circidar section by means of 
spiralh' arranged partitions {vith’ sugia her circular chamber). 

• CnrboN Dioxide in Ciiomber-gosei,. 

It is generally assumed by manufacturers that carbon dioxide 
exercises a \ try injurioi>s aetiod in\he lead chambers, and it is 
principally on this account that “coal-brasses” are not con¬ 
sidered a good raw material for the production of sulphuric 
acid (pp. 65, 458). If this is really the case, it is all the easier 
to understand why the proposal's for filling the lead chambers 
with coke have been uns^icce.ssful. The reason why it should 
be !>o is,not yet deaf. Some practical men assume, that the 
CO.J forms distinct layers, preventing t.he intimate contact of 
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the gases with eaci> other and with the hottuni-acid ; but i am 
not aware of any direct ohservations on tliis poinb txcept in 
one case where blende containing ver\- niucli carbonates was 
worked, when it was found by m,in>- gas-analyses that the 
carbon dioxide accumidated in tlie corners and ortier " dead" 
places, whilst the main stream the gases contained much less 
C(T,. This subject ought to be further investigated, especially 
as I know of a Bohemian works where sulphuric acid is made 
from material containing to per cent, of bituminous substances, 
without atiy special trouble being experienced. 

Duration of P<>ss<to<- of tho (iafos through tho C/uvulvrs. 

Calculations have been made as to //ere /ouo- t/to oasos muaiu 
in %e lead c/ianibors before the manufacture of sulphuric acid is 
complete. This subject is treaterl at length in our first edition, 
vol. i. pp. 455 <■/ .''!■(/.; here we will only mention that Schwarzen- 
berg c.alculates that the gases pass through thrr chambers in five 
and three-quarter hours. Bode that they take three and three- 
quarter hours, and 1 mj«self (assuming a chambfr-space of 
20 cub. ft. per lb. of sulphur and burner-gases with X per cent. 
SO.,) reckon two and three-tpiarter hours. It is al.s(.i there 
calculated that, assuming a consumption of .] [/arts of .pure 
.sodium nitrate to too parts of sulphur burnt, the nitre-gas does 
its oxygen-carr)’ing work 130 times over irefore ^t is lost in 
some shape or another. Sorcl calculates that in a system 
working on the “ high-pre.ssure’’ plan, with only o-y cb.m, 
per kilogram, or 11-2 cub. ft. per lb. of sulphur burnt (in 
winter), the ga.ses take only one hour thirty-lour minutes to 
pass through the chambers. 

^(Slini^j/tc Chambor-exits. ^ 

• 

Apart from the ultimate check on the process afforded by 
frequent estimations of, the yield of acid and the consumption 
of nitre, of which we shall speak later <111, it is very desirable, 
and has even been for .some* time |)a.st resjuirdd by law, lb 
control the quantity of acids escapiwg frojn the vitjMol-chambers 
into the atmo.sphere. Jso far as “low-level escapes • are‘con¬ 
cerned, that is the gtrs bfowing out of pyrites-kilns, pottiiifs- 
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hok'.s, accidental leaks in the"chaipbers, aiuf' su forth, it is not 
possiblit <0 f^stiinatc* them directly ; but it is just these kinds of 
escapes thpt arc most readily [rerceived, and although they may 
be very troublesome to those residing in the immediate neigh¬ 
bourhood, they hardly ever amoi|mt to any considerable per- 
'contage of the sulphur burned.^ 

It is very different with the gases escaping from the end of 
the whole system into the atmosphere, whether it be through a 
simple pipe or a Gay-Lussac tower, or the cjiimney. These 
“high-level escapes” may cause a serious manufacturing loss, 
and they may also amount to a real nuisance to the parties 
living near the works, although in most instances only 
temporarily, es|)ccially in unfavourable weather. Before the 
introduction of nitre-recovery apparatus the loss, both of the 
acids of sulphur and those of nitrogen, must have been far 
more considerable than now, as the whole style of working 
inevitably tended in that direction; but nothing certain can be 
stated with regard to this, as no observations on the acidity of 
chamber-exits were formerly made, and at present all well- 
arranged rGirks do recover their nitiv. In this case the lo.sses 
will not be rpiite so serious, but they ilo exist all the same, and 
that to a greater extent than was formerlr' supposed. 

j^jnong the first who drew attention to the nece.ssity of 
regularly testing the chamber-exits for their acidity were 
Mactc^ir {(unn. .VV.'i'.r, vol, xxxvi. p. 49) and G. E, Davis {Jbii/., 
vol. xli. p. 1S8). 

Control of the acids escaping from the chambers into the 
atmosphere has been made compul.sory in England, since, in 
iS.Si, it was enacterl by law that the total (piantity of sulphur 
acids e.scaping from an alkali-works should not exceed 4 g. 
per cubic foot, expres.sed in terms of sulphuric anhydride, SO3 
(sec. 8 of the Act). .About nitrogen acids or nitric oxide 
nothing is.eitacted, probably because the' quantity escaping 
from alkali-works is 'never so great as to cause a nui.sance, but 
it is all the more important for the pianufacturer himself to 
know how much nitre he is losing in this shape; moreover, in 
ttsting the chamber-exits "it is 'but little additioral trouble to 
include the eitrogen adds. < 

fn Gormany, by an order in Council of ist July 1898, the 
maximum amount of total acids in the exit-eases of works 
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burning pyrites haS been I'xcd at 5 g. from blende 3 g. per 
cubic metre, calculated as SO • ' *' 

The Hritish Government Inspector’s Reports shov that the 
real escape of acid gases from the exits i>f sulphuric-acid works 
is far below the max'lmum prescribed by the Act, 'llie average 
amount of acids escaping, calcul;\ted in grains of SO., per cubic 
foot, were in 1887, 1-500; in 1888, l-.pto; in iS8y, 1-570; in 
1900, 1-198; in 1901, i-iSb; in 1909, 1-162 (in the same year 
the exit-g«ises .from the concentration and distillation of 
sulphuric . 7 cid averaged 0-773 grains per cubic foot). 

It seems to be lawful, where the gases cannot be sufllci- 
ently diluted down to the standard escape by means of fuel 
gases from other parts of the process, to ilo this by atmospheric 
air admitted to the chimne)- (Alkdll hispci/i'r's No. 38, 


p. 76). 

Two .systems may be em|jloyed for controlling the acid 
escapes—that of taking several separate tc-sts through the da\-, 
and that of continucjusl)- as[)irating some of the gas through a 
.set of absorbing-apparatus, and measuring the (|uantity of gas 
(lassed through them. * 

The unreliability of the first system is too patent to be 
enlarged upon; it is hardly ap|)licabie at all to night-work, to 
begin u-ith. Hence the i-(>iiliiiiioiis-lt'slinii srs/iin has beeti 
generally adopted, and, this at many works in the very 
complete shape given to it by Mr MacteaV (/lU* r//.).’ Ilis 
apparatus consists of a water-jet pump (of the system iuvi-nted 
by Dr Sprengel, but commonly called "Bunsen pump’) lor 
aspirating the gases, a set of absorbing-tubes, and a gas-meter 
to measure the voluijie of the residual gases after ab.s(,a-])tion. 
The whole, including the cocks and connections, is enclosed in 
a locked closet to ]jrevent their being tanipered with. The 
meter is fixed with an index .so arrajiged that by ffijs'erving the 
reading for one miimte the rate of passage per h(Turj.s given by 
direct indication, .so that the rate of aspiration is easily arranged. 
Mactear at that time proposed caustic soda and ammonia as 
absorbents, to be titrated for SD.^ with permanganate ; but this 
would yield (}uite wrong result.^, far below the truth, as sodiun 7 
sulphite is rapidly oxidi.sed by the '•cyg^p pa.ssing^«through the 

solution. ^ , 

Mactear’s appAratils is very efficient, but it is verv costiv. 
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and any such delicate appara'cus as a gas-meter is very liable tc 
get out«ofrorder id such proximity to acid' vapours. Hence at 
most places cheaper and simpler forms of aspirators have been 
adopted. One of the simplest is represented in Fig. 340. It 
^ co'nsi.st.s 0? two glass bottles, I. and II., a-ach provided with a 

/ 
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twice-perforated india-rubber cork, tjirough which passes one 
elbow-tube (<?, l>) ending just below it, and another (c, d) reaching 
•down to th'e bottom of “the bottle. The tubes c and d are 
connected .with an elastic tube; another such tube connects 
either .r<Jr b with the absorbing-apparatus. One of the bottles, 
^ say I., is placed so that its bottom is raised above the top of 11 .' 
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If now b is connected with the absorbilij^'-iipparatus, and the air 
is sucked from for a momest, the siphon •formed ^bji <•, </ and 
the clastic tube begins to run, gas being aspirated from h. When 
the contents of 1. are run out, the clastic tube is detached from 
^,'the position of the bottles is reversed so that lijnow stalids 
higher, and the clastic tube i^ put upon a ; the c<mnection 
between c and d is not touched. Usually the siphon begins to 
act again of its own accord ; otherwd.se it is started Iry sucking 
for a mopjent at n. The quantity of water running out of the 
bottles ab»each turn is determined once for all. 

The plan just de.scribed has the drawback of requiring an 
attendant to change the position of the bottles, and is hence 
hardly convenient enough for continuous testing, for this 
purpose, if a meter is to be dispensed with, a vessel of large 
caj?acity, say several cubic feet, should he provided, sufficienl to 
serve for twenty-four hour.s without special attendance. .Such 
a vessel can be made of glass, stoneware, or wood lined with 
lead; it should be cylindrical anil provided with a gauge for 
measuring the height of the water within ; in order to act ipdte 
..qually it should be on the principle of a .Mariotte^s bottle, as 
de.scribed on p, 709, The form adopted by Younger (/. Sm. 
Chem. Ind., 18K7, p, 347) has no special advantages. 

An excellent apparatus has been described In’ W. (i. Strype 
{ '/'rai/s. Xi'ti’f. Clh'iii. Si’t'., 181S0, vol. iv. p. , 3 .'! 7 )' " here 

give a description of it, abridged from the invl’Utor* own.words, 
with two drawings. Figs, 341 and t.jJ, showing it in two different 
conditions ; but it is unnecessary to say that some details, suth 
as the absorbing-apparatus, may he varied without any detriment 
to the principle. . 

Fig, 341 shows it*in the process of being charged wiUi ^ater 
and having the old solution removed ; and in Fig. 342 it is shown 
as in ordinary work. The measuring-vessel F, is of some 5 cub. 
ft. capacity. The* supply of water* to charge* tl;is vessel is 
through the cock A, communicating witB the ves.sel by means 
of the large pipe H, C, which is carried up to the open end at U, 
and to such a height as’to ensure that too much pre.ssure is not 
thrown on the apparatus when«t is being chargciF; if too much, 
of course the water will overflow at»the^open enrl.l). 1 he air 
or residual gas rernain'ing in the measuring-vessel ;ifter*each 
period of absorption escapes, when it is being refilled, througji 
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the tube (I a a' into the lo\vc^ vesspl F, under the pressure of a 
small h'jtuljof vvateV of about uive foot, and as the escaping air 



r 


Fig. 341. 

c . 

com'municate.s by means of the tube'/ b b' with the test-biilbs, 
the piiich-cock at ( being opened, the small ptessure thus expels 
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the old absorbing-solution jis shbwn in h'ig. 341. When 'he 
vessel K is full, the 'old absorbing-solution Being drjvmi* out of 



F| 0 .*J 42 . 


the bulbs, the cock A is’’shut, and the excessive waU r drtijns 
away from the small dfip-pipe < 1 , thus em|jtying alHhe connci.^ 
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tioiis to the condition sfinwn in Fig. 341 ; arid the pinch-cock at 
c, and tiJscj, the regulating pinclvcock on the pipe at e, whicli 
communicates with the chamber-exit, being closed, the flow 
cca.ses, and equilibrium is e.stablished by the apparatus being 
under the ‘Small vacuum due to the head of water in the vessel 
F ovei the open drip-pipe d. ^ The pinch-cock c is now opened, 
and the india-rubber tube hanging from it is dipped into a 
beaker containing the test solution, which is now drawn up 
into the bulbs by the vacuum. When the cTiarge ,is complete 
the pinch-cock at c is closed, and the regulating pinch-cock <■ 
opened to the required extent so as to admit the e.scaping gases 
from the chamber-exit to enter the apparatus ; and absorption 
of the acid follows, together with accurate measurement of the 
volume dealt with ; the residual gas passes into the measuring- 
vessel through the tubes // b,f'J" f '. The latter tube is caTried 
down at /"' close to the bottom of the ve.ssel F., in order to 
secure a uniform flow of gas with the varying head due to the 
gradually diminishing level of water in the vessel, in the manner 
too well known to need further reference, .and it is to secure this 
point that a difficulty arises in arranging such an apparatius. 
The tube a d a" must be sealed off when the apparatus is at 
work if the flow of escape through the .absorbing-solution is to 
be at a uniform rate, and this is accomplished b\’ a very simple 
plan. Upon turning on the water at A to charge the apparatus 
the water «uns down a d, and when as low as the inclined pipe 
at/, air glides upwards, and the small (juantity of water in the 
inclined pipe /also drains away ; without this contrivance there 
would be a small quantity of water driven over into the test- 
bulbs e^ach time the apparatus was charged, but the tube being 
plated in a diagonal direction entirely prevents this. 

The proportions and relative positions of the various parts 
are accurately shown to scale in the drawings, and it is 
important/his should be carefully attcnddtl to in constructing 
the apparatus. '' 

The arrangement to contain the absorbing-solution consists 
of a series of 30 bulbs, each about l j in. diameter, with small 
and short necks between' their.; the bulbs are .made in sets of 
10 each; ^ sets arc coqpled together with small pieces of 
india-rubber tubing, and the charge 'of 300 c.c, occupies about 
22 of them, leaving a little free space inThe '.ipiJcr part of each. 
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A large bulb of son.p 4 in. diametar is f)lWd, as shown, at the 
head of the bulbs, to’catch any.of the absorbing-.solutioij in ca.sc 
it should be drawn up through all the smaller bulbs by 
accidentally turning on the flow of gas with too muclT violence 
in starting the apparatus. The solution used in th^s way con¬ 
tains too c.c. normal caustic ^oda, diluted to 3110 c.e. coloured 
with litmus (methyl-orange nuisf not be used in this case as 
Jt is destroyed by nitrons acid). The drain-pipe d is always 
open and is of small aperture, but sufficient to mure than 
carry awaj- the* water as it drains from the measuring- 
vessel in ordinary working, and thus a constant vacuum is 
maintained. 

The apparatus is preferabi)’ constructed of glass, with 
india-rubber junctions ; but of course it can just as well be 
made with an iron or lead measuring-vessel and lead pipes, a 
water-gauge being emplo\ ed to observe the level of the water 
in E. 

The staunchness of all the parts is ascertained, when the 
apparatus has just been charged, by shutting off the [>inch-cock.s 
L and c, and seeing that no ^vater drains from the o[a*;n pipe d. 
In charging, the water freely flows from d, but the aperture 
being small this docs not a[)preciabl)- interfere with the filling 
of the ve.ssel If. 

Whatever be the system of aspirating the gases, they iiVcst 
be pa.ssed through certain solutions to ubsoih tht' uoidj^ coiitjiincd 
therein as completely as po.ssible. 1 he different acid com¬ 
pounds of sulphur are estimated together, as well as thu,se i»f 
nitrogen, whatever degree of oxidation they ma\’ possess. 1 he 
following pirscrifitions agree in the main with those worked out 
by Hurter and published by the Untish Mkali M(d<t rs' 'Issyi/u- 
tion in 1878.' A continuous test over twenty-four hours is* 
taken of the gases escaping from the exif-pipes of, the (jay- 
Lussac towers, aspiiating art least 1 cijb. ft. per lymr by means 
of any aspirator acting at a constant rate, and recording the 
volume of gas ( = V) by means of gauging the aspirator or by 
• a gas-meter. The volurfte V is reduced too C. and 760 mm. 

pressure ( = 32' E. and 29’92 in.) by the tables contained iij 

• * 

^ These prescriptions, with a few impwivenicnts in aii^ytical details, 
are also given in Lunge’s *i\chnical Chemist^ Handbook^ ppf il8 

et seq. 
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Lunge’s Ilaudbook, PP-'38 se\i.^ and is no\v called V'. In 
order to allow comparisons, the' number of' cubic feet of 
chainber-s/jacc per pound of sulpliur burnt and passing into the 
chambers'is recorded, excluding towers, but including tunnels, 
the amoui^t of sulphur being taken by the weekly average, 
stating I the distance of the testing- 
hole' from the point at which the 
gases leave the Gay-Lussac towers. 
The absorption-apparatus consists of 
four bottles or tii'ocs'^Fig. '343 '"), con¬ 
taining each not less than i(X) c.c. of 
ab.sorbing-liquid, with a depth of at 
least j in. in each bottle, the aperture 
of inlet-tubes not to exceed is. in 
diameter and to be measured by a 
standarrl wire. The first three bottles 
contain each 100 c.c. of normal caustic- 
soda solution (31 g. per litre), the 
fourth too c.c. distilled water. The 

caustic soda must be free from nitro- 

«• 

gen acids. The gases are tested (l) 
for total acidity, stated in grains of 
.SO.| per cubic foot of gas, or el.se in 
grammes per cubic metre; (2) sul¬ 
phur acids ; (3) nitrogen acids—both 
stated in grains of S and N per cubic 
foot (or grammes per cubic metre). 
The analysis is carried out as follows: 
—The contents of the four bottles 
are combined, t!.king care not to un¬ 
necessarily augment the bulk of the 
liquids, and are divided into three 
erpial part.s, one ofwdiich L reserved for accidents,etc. The first 
part is titrated with in'rmal sulphuric acid (49 g. H.,S(), per litre) 
toa.sccrtain total acidity, The number ofcubiccentimetresofacid 

' 'file law prescribes the cubic foot to be measured at 60” K. and 30 in., 
which necessit.atcs the use of other tahies or factors than those mentioned in 
the text, but the ilifTcience is hajlly perceptible, and is within the litnits of 
cxpejimental efror. ■ • ‘« 

3 Taken*from Jurisch, Sch-wefilsaurefahnikatioii, p. 224. 
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necessary for neutralisatfon is*callecl r. • ‘I'he second part of me 
liquid is gradually poured into a warm solution of potassium per¬ 
manganate, strongly acidified \t'ith pure sulphuric aciH. **\ small 
excess of permanganate must be present, and must be«fterwards 
reduced by the addition of a few drops of sulphurous-;4:id 
solution, until only a faint rc(] tint is visible. Now all nitrogen 
acids are present as HNO-, but n^i excess of SO.,. The 11 NO . is 
estimated by its action on h'e.SO,. Twcnt) -five c.e. of a solution, 
containing per lit''e loo g. of cr\ stalli.sed ferrous sulphate and 
100 g. pufc sulphuric acid, are put into a Hash, 20 to 25 c.c, 
pure concentrated sulphuric acitl is added, the mixture is 
allowed to cool, and the other mixture, treated with perman¬ 
ganate, etc., is added. The flask is closed b\- a cork with glass 
tube.s. A current of CO,^ passes through and issues bene.ath the 
surface of some water, to prevent entrance of air. I'drst, all the 
air is expelled in this way by an apparatus evoKi,ig CO, by 
constant action ; then the solutions are introduced, and the 
contents of the flask are heated to boiling, till the dark colour 
produced by the formation of NO has changed to a clear light 
yellow. This lasts a quarter of an hour to one hour, according 
to the quantity of UNO, pre.sent and that of the sul|)lniric acid 
added. The unoxidised ferrous sulphate is titrated by a senn- 
normal permanganate .solution ()-ielding 0004 g. oxygen per 
cubic centimetre); the cubic centimetres used = r. .Since»the 
titre of the iron .solution.changes pretty cpiickly, it should be 
tested daily by taking out 25 c.c. with the same*pii)etle as 
serves for the above-described operation, and ascertaining thp 
amount of permanganate required for oxidising it, -- v c.c. 
The magnitudes sought are fouml b)' the following equa¬ 
tions :— , 

I. Total Acidity in grains per 
cubic foot: * 

2 . Sulphur in grammes per 2. .S«j^/r/o'in grains (rer cubic 
cubic metre » f^'Ot: * 

5.^0-008(600 -6,v-J+4 !s’,0-U,?4h(<'00 - 

* Y' ’• V' 


I. Total Acidity in grammes 
per cubic metre: 

* 

_0‘I20(l00-.v) 

^^8“ y' 
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3. Nitrogen in gramme? per, " 3. Mlrogeit in grains per 

cubic metre: , cubic foot: 

^ i>-oo7(: v) ^ 0:10803(1 

i« V V 

. If the pitrogen acids are not to be separately estimated 
.(and the Alkali Act docs not require this to be done), the 
above prescriptions can be extremely simplified. It is only 
necessary to employ the apparatus shown on p. 572, P'ig. 15C, 
and intended for testing the burner-gases fornsulphur acids, or 
else one of the absorbing-apparatus to be mcntionecl below is 
employed. The apparatus is charged with 100 c.c, of normal 
caustic-soda .solution, coloured with phenolphthalein, which acts 
equally upon StX and M.^SO.,, and this is re-titrated with 
standard acid. The caustic-soda solution should be as free as 
possible from carbonate, as C(X acts upon phenolphthalei» as 
well. The formula for calculation is then No. 1 divided by 3, 
that is:— 

. o’oaofioo .1) 

so., ^ ' g. per culiK'metre, 

o'6i 7(100 .1) 1 ■ I- . 

' gr. per cul)ic loot. 

When the object of testing the exit-gases is merely to 
ascertain the total acidity, in view of the requirements of the 
law'(p. 579), it is sufficient to pass a certain volume of the gas 
through a solution of hydrogen peroxide, which oxidises the SOj 
to iCSt).,,*and then to titrate the whole of the acids with 
caustic-soda solution and methyl-orange, and calculate them as 
SOj. In a very exhaustive paper (/. Soe. Chem. Inti, 1902, p. 
1490) K, h'. Carpenter and Linder prove that the best way of 
proceeding is to employ for the absorption a mixture of l vol. 

. semi-normal caustic-soda solution and to vols. hydrogen 
peroxide solution, which is afterwards re-titrated by phenol, 
phthalein at a boiling heat, or by methyhorange in the cold. 
In this case the nitrogen acids proper are ahso absorbed, but 
NO is only very little acted upon. They believe that'thus 
certain sulphazotised bodies, present in chamber escape gases, 
are also deal^ with. The nitrous smell, sometimes observed in 
the gases discharged from the bellows aspirator, they assume to 
be caused by the reaction : 

H,,tC -I- 4HNO,, = 2 HNO; -t- 2NO -I- 2H._,0. 
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H. J. Watson f/ Soc. Chcm. ind., 1903, p. 1279) "cnerally 
confirms Carpenter s and f,ijider’s results* and c^mijljisions, 
especially the necessity of employing both alkali and hydrogen 
peroxide. He suggests using five absorbing-vessels; the first 
two being charged vv^th hydrogen peroxide and the •ther thrte 
with alkaline hydrogen peroxWe.^ The first show the acwlity of 
the gases, the last three the nitr'e lost through that formerly 
neglected compound existing in chambcr-gase.s. 

The slu^e of'ihe al’sorbing-vt'ssds is not at all indifferent. 
When employin'g ordinary bottles with simple glass tubes 



Fig. 344- 345- 


dipping below the litjuid, the absor|)tion is often incomplete, 
even if several bottles are used in succession, which causes 
considerable pressure. The use of very nafrow inici-tubes, as 
prescribed in the Alkali Mdkrrs’ /«r/r4(r//e;M (.see #bovc. p. 9«o). 
lessens, but does not entirely .avoid tht* evil, of incomplete 
absorption. The potash-bulbs used in organic analysis cannot 
be employed, because it 'is too difficult to empty their contents 


■ without any loss. » ' , 1, » u * 

The ab.sorption is better when psing Mitscherjich s tubes 
(Fig. 344), of which Toddjs tubes (Fig. *^ 45 ) but, a slight 
Jnodification. The shape oP absorbing-bottle shown^ in Fig. 34 > 

3 ^ 
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serves also very well. ' Better than these‘is the I’ettenkofer 
tube as, modified by myself (Fig.' 347), arid still better a 10- 
or 15-bulb-tube, as shown in Fig. 348,0110 of which generally 
suffices fo‘r complete absorption. 

■ Ordiiwy ab.sorbing-bottles fail of their purpo.se where 
■white mists of acid in a vesicular‘form have to be dealt with, 
as in the case of the ga.scs from overhead-fired pans or beaker- 
apparatus for rectified vitriol (cf. Chapter IX.). In these cases 
the bottles may be shaken a hundred times anil upwards without 



Flc. 34S. 


jutirely removing the white mist. The .Alkali Inspectors have, 
however, .elaboratiid a bottle performing this service most 
efficiently. 4 .shown hi Fig. '349. where we notice the 
absorbihg-tiulb, containing inside a number of india-rubber rings 
(cut from ordinary small tubing). The gases pa.ss through 
the central tube <r, by small holes d Fiear its closed end, into 
fhe bulb and before they i.s^uc through the holes c c they 
arc broken up into small bubbles b)' the india-rubber dippings, 
wh^h are Washed by the' movemer.t of the liquid in the 
apparatus, and thus produce a thorough scr.ubbing of the gas. 
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The upper bulb is wide, >he Idwer j:-iu,, the buttoin- 

opening J-in.; these proportions should be •observe^ ij attain 
the object. Exit-tiibo c is filled with glass-wool. ^ 

iV/Z/vV A.i/V/r can be (and generally is) present in the gases 
after passing through the absorbing- 
bottles, as its oxidation to i^O*, when it 
is strongl>- diluted, is an cxtremcle slow 
process (</ 40/// Alkali Kcporl. p. 27). 

It can be estimated in an absorbing-tube- 
(^b'ig. 347'^ or better in a bulb-tube (b'ig. 

34S), interposed between the tubes of the 
apparatus serving for estimating the acids 
and the aspirator. The bulb-tube is 
chafged with 30 c.c. of seminormal |jcr- 
maflganate solution and several cubic: c:en- 
timetres of sulphuric acid. The gas is 
passed through for twenty-four hours, 
and the tube emptied and washed out. 

Now add 50 c.c. of ferrous-sulphate 
solution, corresponding t*) zr perman¬ 
ganate, and re-titrate the decolorised 
liquid with permanganate. (If a precipi¬ 
tate of manganese peroxide has been 
formed in the absorbing-tubes, rinse the ^ 

tubes with .some of the iron solution.) * * 

The quantity of the permanganate last used is called n. 1 be 
NO has altogether consumed {yj + a — 2A) c.c. of |)ermanganate, 
giving 



111 s^raDiHiM of iiitro^on per 
metre of tl.e volume V’. 

14 ^ o'oo7 (30 + "-2=) 

3V" 


l.s '<f IliiPfien }" 


o-roXo4 (,;o-I// 2 b) 

^ • .tV 

The c|uantity of fiitric o^idc preseikt in ehamlfer^exit-gases 
may be at times rather c<.>nsidcrable withftut attr.acting notice 
as it oxidises only verj- slowly when strongly diluted with 
inert gases. This makes some of the absorbents projeosed: 
as hydrogen peroxide or a mixture'of strong sulphuric with 
nitric acid, practically useless for Wie estimation, of .NO, as 
proved by myself by *iti^ny laboratory cxperimenl,s. IJie 
paper of Carpenter.and* Linder, cpioted p. 9, S2, corroborates this 
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Just for this reason 1 'first proposed in I'SSi the use of an 
acid sfjvliitipn of pfitassium perroanganate and the apparatus 
described ^ here, liven this process requires a very good 
absorbing-apparatus and a very slow .stream in order to take 
all'the NO'out of the gases. 

* ThO apparatus and melhod's flc.scribed by I-ovctt {J. Soc. 
Chi'in. hid., 1882, p. 210) may be consulted by those specially 
interested in this subject, but call for no special remark here. 
This holds good also of the papers of (j. li. Davis [C/^i'ni. News, 

. xli. p. 188) and Pringle (/. Sot. Chan, hid., 1883, p. 511’). 

The gas collecting in the as|)irating-vessel of any of the 
above-described apparatus, being an average sample of the 
exit gases free from acids, is very conveniently employed, in 
preference to samples taken at random over the day," for 
the e.rignvr contained in the exit-air. T'his estimation 
has been previously de.scribcd ([). 5/8), and we have here 
only to show how the estimation of oxygen in the exit-gas 
may be used for aseattiiniiii^ the (jiuiiitit}' nj sidphiir burnt, 
expressed in grammes per litre of the exit-gas, so that the 
quantity ^jf sulphur lost in that gas may be put in direct 
comparison with the total sulphur used. For this the following 
formula has been proposed by me in IHiigl. pelyt. ccxxvi., 
P- 

/ \ , I A 

II) xo'oo9lH7x X = .v. 

‘ ' ‘1 00367 / 760 

Here <1 denotes the percentage of oxygen in the exit-gas, t its 
temperature,// the barometrical pressure in millimetres,.r the 
total quantity of the sulphur actually burnt, cxpresseil in grammes 
per'litreof the exit-gas; with this the quantity actually found 
should be com[)ared, in order to find the percentage of loss. 
It should- not be overlooked that no account is here taken 
of the sulpjiui remaining in the cinders. " 

Coleman (/. Soid'Chnti hid., 1906, p. 1201) describes and 
illustrates his plan of graphieiilh’ recording the work of vitriol- 
chambers, which indeed appears to be very useful, although 
vather complicated. ' , 

Knorre,and Arndt (/'Vv;/. her., 1899, p. 2136) mix the gas 
wirii hyflrogen and pass it very shAvly through a bright red 
heated platinum capillary which c'auses a .contraction to the 



THE©UY 


907 


amount of :;i of the volume of ?he jiitric*)xi(ic ori^nnally present, 
according to the reaction , 

2NC) + 2lf, -2ll.,(> 

4 vols. I \ jis. 0 vuls. viUs. 


Tiii:orv or tuk I'okmation' ok Skli'III'mc Acii' i:\' 

Till-: Vh'kioi,-('ii.\mi;i;r I’ioh k.ss. 

Wheti,*dcscfibing in previous chapters tlie beliaviour of^ 
sulphur dioxide towards the various nitrogen compounds in 
the presence of water, sulphuric acid, etc., and the formation 
and decomposition of nitro.sosulphuric acid, we h.avc been 
obliged repeatedly to forc.stall theoretical considerations; but 
those will now be brought forward connectedlv and in detail. 

We must from the connnenccinent bear in mind the 
fact that during the burning of sulphur, whether in the form 
of brimstone, pyrites, or blende, etc., sub.stanti.all)' sulphur 
dioxide (SO„) alone is formeil ; the formation of sulphuric 
anhydride or acid, alway;s cjccurring at the samt time (at 
least in the case of pyrites), is not taken into account here, 
being merely a secondary reaction, and not exem])ting us 
from the task of explaining the oxidation of the .sul|)hiir dioxide 
in the lead chambers. That this does not take place to an 
appreciable extent by the direct action of. the^tmo.'ijiheric 
oxygen, m,ay at the outset be takrm as established. Jfut it 
is just as certain that the ox,\-gen of the nitre introrluced 
into the process does not suffice to account for it; for the 
sulphur dioxide from too [larts of sul|.hur requires^another . 
50 parts of oxygen hi order to be oxidised to sulphuric <icif], 
which would correspond to Ri'5 parts of nitiate of soda 
even if this compound were reduced to hitrogen,. Hut it is 
well known that, imdcr favourable cqmlitions, o»ly A, to .A ol 
the above quantity of nitre i.s u.sed ; ai»d this fact mu.st now 
be explained. 

The first theory on* this subject was propounded as early 
as 1806, by Clement and De,sormes.(rlK//. 6 ' 4 /w,, lix, p. 32p>; 
and it mu.st E>e owned that they harl observed most of the 
essential facts,' and connected them by a'theory wliich ha.<i not 
had to be entirely atrolished, but only to be modified tt'ith 
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the growth of pur knowfccige.i- Tliey had studied the behaviour 
of sulijliur dibxidt towards a ,i,riixturc Of nitric acid and 
atmospheric air; and they proved that, even in the crude 
process th'en in use (where a mixture of brimstone, saltpetre, 
and moisticlay was heated in a furnace and the gaseous 
•products were cmiductcd into ,thc« lead chamber), considerably 
more oxygen was transferred to the sulphur dioxide than 
the saltpetre contained. They already explained this fact in 
substantially the same way as it is explained nowadays, viz. 
thus:—From the nitre-gas oxidised by atmosphery; oxygen, 
and from the sulphur dioxide, sulphuric acid is generated, 
whilst the nitre-gas is re-formed. The nitric acid is only 
the instrument for the complete oxidation of the sulphur, which 
in doing its work is not destroyed; for its “ basis,” the nitre- 
gas takes up oxygen from the atmospheric air in ordeP to 
|)rcscnt it to the sulphur dioxide in a suitable state; but it 
remains in its original state at the end of the process of forming 
the sulphuric acid. The presence of water they explain as 
necessary, first, for keeping the temperature of the reaction 
sufficiently, low; secondly, for condensing the sulphuric acid 
as it forms. They also observed in the process the production 
of white star-shaped crystals, which on contact with water 
gave out nitre-gas with a strong evolution of heat, and they 
already suspected that this compound had a prominent share 
in the acid-formir.g proce.ss. 

II . Davy showed, in 1812, that the presence of water is 
absolutely neces.sary (llerzclius, Leliiimch, i. p. 471), because 
in the dry state the gases do not react upon each other; but 
a small quantity of water added to the mixture of sulphur 
dio^^idc and nitrous vaiiours causes the formation of the crystals 

'observed by Clement and Desormes. Davy, therefore, con¬ 
sidered tlvat body an intermediate link indispensable for the 
formation of < sulphuric ,acid; with'our present notation we 
should express his opinion in tliis way:— 

I. 2S(b + 3N{T -tH .,0 = 2 S 0 ., (OH) {ONO)-tN(); 

. II. 2SOu(OH) (ONO)-; H.. 0 - 2 S 0 .,{ 0 H),,+ N 0 .,-(-N(); 

III. 2 NQ-H 20 „ = 2 N 0 ,,. 

'Therefore we commence with 3NO.J ;,and^we recover of this 
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I NO., in the equirtjon 11 ., 21 ^ 0 ., jn th# feciuatioii. Ill., in order 
to begin the process over agSip. 

This opinion has been accepted by many other chemists, for 
instance La Prevostaye (.-I////. Chim. Phys, Ixxiif p. 326), 
Gmelin also adopted .it [aiuUiuili, 5tl' ed. i. p. 875 )'» 

An apparently simpler explanation of the vitriol-chamber* 
process was given by Hcrzelius i^hehrbnih tier (hem!t\ Wochlers 
translation, 4th ed. 1835, vol, ii. p. 12). He believes the forma¬ 
tion of chamber-crystals to be not a necessary interme<liate 
process, Ijyt only an exceptional case happening in some parts 
of the chamber where steam is wanting. The process proper, 
according to him, is the transference of oxygen from “ nitrous 
acid ” to sulphur dioxide (and water), producing sulphuric acid 
and nitric oxide, from which, by means of oxygen, nitrous acid 
is ^generated. 

We should have to express that theory in our present 
notation by the following ccpiations : 

( 1 ) SO-.-t-N/L 1 llf^ ll,.S(), l _>NO: 

(>)2N()t6 iN'.O;. 

But I have shown (/uvg 1S88, p. 32-!5)tl';d Berzelius, as was 
natural in those days, made no sharp distinction between 
N„ 0 . and N„ 0 ^, and evidently by “ nitrous acid” often means 
N/)'. It is also an important fact that in his JahresbeP. for 
1844* when the difference between N., 0 ., and *N.,(). had become 
clearer, he distinctly states (p. 62) that N,, 0 , is firmed when 
NO meets a sufficient riuantity of oxygen or atmospheric air, 
whilst with an excess of NO, that is, in case of a deficiency of 
oxygen, N., 0 ,, is formed, together with some .\/),. In fact 
most subsequent writers have not introduced nitrous aifhyriride, 
but nitropen pernxhk into the exiilanation of the chamber- 
process, starting from the indubitable fact that iii ordinarx- 
laboratory experiments nitric oxide with an exc^ess of oxygen 
forihs almost entirely, or perhaps even.exclusivefy, nitrogen 
peroxide, and tacitly a.ssuming (without any proof of ever 
having attempted to detect its presence) that nitrogen per¬ 
oxide was the oxide of nitrogen prevailing in vitrjol-chambers.; 
also overlooking that the above-mentioned laboratory fact is 
entirely modified by th« presened of oAer subsfences ii; the' 
vitrioj-chamber. Thus ft. came to pass that the following 
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equations wer,e generaliy he!d to express die vitriol-chamber 
process in— ' ' 

' ' (3) S0„-(-N0„ + II,,O - 1 I,,S<),h-N(); 

- ( 4 ) NO'-I-O ■ -NO.,' 

, The gr/;at simplicity of this expression seemed to be its 
jecompjendation, but it was ^overlooked that in nature the 
simplest explanation is very often ua/ the expression of truth. 

Even long after lierzelius no sharp distinction was made 
between the equations (i)-f(2) and (3)-|-(4;'; probably most 
chemists tacitly assumed, as was explicitly done by'some, that 
the vitriol-chambers contained a mixture of N.,03 and 
both of which acted as oxygen carriers u])on SO,, and this was 
generally meant when speaking of the “ theory of Herzcliu.s,” 
which was certainly accepted by very many chemists. 

For .some time another theory, that of Peligot, publisheii in 
1844 (//«;/. ( 7 //w. P/tvs. (3), xii. p. 263), contested the palm with 
it, and was accepted, more especially in France, for a long time ; 
even Kolb {Htudfs sur la Uabrkation de I'Acidc sidfurique, Lille, 
1865, ]). 22) adhered to it; and so did I’elouze and F'remy 
{ Traite de.Jdliiiiiu\ 2nd edition, i. p. ^98). 

Peligot, like Berzelius, denied that the chamber-cry.stal.s 
had an essential share in the formation of sulphuric acid, or 
that they appeared at all in the regular proce.ss, either in a solid 
fonli or in .solution. He attributes the oxidation of the sulphur 
dioxide within thp lead chamber exclusively to nitric acid, not 
to the lower oxides of nitrogen. The water is added to 
decompose the hyponitric acid formed from nitric oxide and 
atmospheric oxygen, or the nitrous acid formed at the same 
time, into nitric oxide and [hydrated] nitric acid, and thus to 
regqnerlite the only oxidising agent acting in this process, viz. 
• nitric acid. In watery solution, he says, no nitrous acid exists 
[which is altogether wrong]; from a mixture of nitric oxide 
and atmospheric air not N./fj, but only NjQ, is formed. The.se 
opinions \^ill be m?de clearer by the following equations 
(rendered into modern symbols):— 

. I. SO., -(- 2NO.,. OH - sa,(OH)„ -f N.,0,: 

II. 2N:,0,-f H./)' ^ N.,03+ 2NO,.. O'H ; 

‘ lil. 3 N:, 03 -I-H „0 '- 4 N 0 -I- 2 N 0 .[. GH; 

IV. 2NO +2O. . =N, 0 ^. 

’'Here,.as in all other instances, we shall use the symbols N.Oj and 
NOj as interchangeable according to convt’nienot of expression. 
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The experimehts upon \v!iich I’elkrht fouiulcd his tlieoiv 
certainly proved that awcr'/t^aia/ nitric .void o/idisc^ siil()liiir 
dioxide even at the ordinary tcniperatiirc, nitrog(?n peroxide 
being formed. But sulphur dioxide act.s with more difficulty on 
tii/ute nitric acid, and only with the aid of heat, »itric oxdde 
being formed. Weber points \put that i’cligot’s expej-iment* 
do //ot prove that nitric acid of that degree of dilution which, 
according to his own theory, must exist in the lead chambers, 
viz. only,2 per*cent. UNO.,+ 98 H.O, ,it the temperature 
prevailing there'is really decomposed by sulphur dioxide. On 
the contrary, according to Weber’s observations, nitric acid of" 
such a degree of dilution is not at all changed when cold by 
sulphur dioxide; there is no appreciable action between them 
bel 5 w 80° C, a temperature which, in normal work, is not 
pr^alent in the lead chambers. 

The researches of R. Weber in 1866 and 1867 (Boggendorffs 
Annalen, cxxvii. p. 543, and exxx. |). 329) jirovcd the com])leto 
futility, in all respects, of I’eligot’s theory, and greatly con¬ 
tributed towards elucidating the jirocess within the lead 
chamber,' , „ 

He showed that, whilst dilute nitric acid has next to no 
action on .sulphur dioxide at the ordinary temperature, there is 
a strong action between SO.^ and water which has absorbed the 
vapour of nitrogen peroxide, or if such water is added to* the 
same dilute nitric acid which at first showed no acyon, or, more 
simply, if, instead of pure nitric acid, fuming nitric acid strongly 
diluted with water be used. Accordingly, the nitrous acid 
generated by the contact of nitrogen ireroxide ajid water 
oxidises the sulphur dioxide much more readily than nitric 
acid does; nitrous a’cid is therefore undoubtedly the pririary 
cause of the reaction for the formation of sulphuric acid when' 
moist air meets sulphur dioxide and the'vapour of nitrogen 
peroxide. The nitrtc acid Ivhich is forjned on thcviccomposition 
of N2O4 by water remains undocomposcd«by SO, if umch water 
is present. Under certain circumstances, however, as will be 
shown below, the nitric acid is decomposed as well. 

For the cljamber-process tlje behaviour of and NjQ^ 
towards sulphuric acid of various degrees of dilution with water 
' Some parts of Weber’s a» well as of Winkler’s work have hpen noticed 
in Chapter IH . pp. 340 etteq. • 
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must also be.taken ifito account, as those* gases come into 
contact ;vith s\ich ticitls, botli iij 'the shape of minute drops 
suspended In the atmosphere of the chamber and in the stock 
collected at the bottom. According to their degree of dilution 
the sulphuric acids contain nitrososulphiiric acid (chamber- 
•crystals), free N./ 3 ,. or alphas been explained in detail on 
pp. 332 et .svy. ; but all these liquids, when their density is much 
higher than that of ordinary chamber-acid, are rapidly decom- 
po.scd by sulphur dioxide, sulphuric acid being formed. The 
decomposition of the absorbed vapours by means ot, water for 
the purpo.se of forming nitric acid, is therefore quite unnece.ssary 
and improbable; but the water must serve for forming the 
h)’drate .SO,I l.j, and therefore only in its presence can SO.^ be 
promptly oxidi.sed by N., 0 .,. 

It is of importance in practice that moderately concentr,ited 
mixtures containing nitric acid are more easily decomposed by 
sulphur dioxide than highly concentrated ones, When nitrous 
acid is di.ssolvcd in the pure hydrate 30 , 11 .,, or even in ordinary 
vitriol of 170" Tw., sulphur dioxide iloes not act upon it at all, 
or at lea.st.very incompletely, ,■ 

When operating with mixtures of nitric acid with dilute 
sulphuric acid of varying concentration, Weber found that in a 
mixture of pure nitric acid of 1-25 sp. gr. with sulphuric acid of 
70 "Tw. the nitric acid is not decomposed by sulphur dioxide in 
the cold, but quiekly on being heated, with evolution of nitric 
oxide ; in the ca.se of stronger acids (from 77“ Tw. upwards) 
the decomposition begins in the cold, and the liquid then 
contains nitrous acid. Evidently the sulphur dioxide first 
produces nitrous acid in those mixtures, which is proved by 
their colour and by their action on potaisium iodide; and in 
'the .v,vw/f/stage the nitrous acid yields up oxygen direct to the 
sulphur dioxide, without being compelled, as I’eligot assumed, 
to be redcconpposed intq nitric acid and rntric oxide—a pre¬ 
posterous assumption. Thus aven dilute nitric acid, brought 
into contact with moderately strong sulphuric acid, may be 
useful for the chamber-process, as in that case it yields up its 
v/ater to the sulphuric acid, an^ in the concentrated state it is 
readily attacked by sulpl\ur dioxide; this is just what takes 
place in the‘chamber.’ /' 

’According to Weber’s theory, the fpllorying process takes 
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place within the chambers The,suipbifr clioxkLe is oxidised, 
mainly by the oxygen of the' nitrous acid, which/hereb;- passes' 
into nitric oxide; it docs this, however, onle when dissolved in 
water or in dilute sulphuric acid ; and such a watery lolution is 
formed either direct from free \,,0, or bj' the decoiiiposition.of 
N./),. In the latter case, at the s^amc time, nitric acid is t>rmed,i 
which can only be decomposed by the mediation of alread\' 
formed sulphuric acid. The part played by the water has just 
been explained. * 

'I'here^is an* agreement in many, but not in all, points 
between the opinions of Weber and those published almost 
simultaneously by Cl. Winkler p, eo). 

Winkler also affirms the oxidation of sulphur dioxide by nitrous 
acid; but according to him the part playcrl by nitrogen peroxide 
is n*ore es.sential than that which Weber assigns to it. Winkler 
considers the latter to be harmed principally by the action of 
air on nitric oxide; it then combines with sulphur dioxide and 
water to form nitrososul))hui ic acid, which sinks to the bottom 
in the shape of the well-known mist, here comes into contact 
with the dilute hot chaml^er-acid and dissolves in evolving 
gaseous NTX, which oxidises a frc.sh ijuantity of sulphurous 
acid, thereby passing into NO, the latter beginning the process 
anew. 

The fact that Weber points chielly to WiiAler 

principally to N.,0.„as the active agents in thi;chamber-process 
does not form a very essential difference in their .views, as 
neither of them a.ssumes either of these oxides to be formiid 
exclusive of the other. A more fundamental difference is this, 
that Weber, like Berzelius, does not admit the intermediate 
formation of nitrososwlphuric acid as an essential featufe of the 
process, whilst Wankler does so, thus reverting to Davy’.s» 
theory, which he merely develops in the light of modern 
knowledge, and mosc espeeially of his^own invest^ations. 

Formerly some writers objected to ^he theorfbs hitherto 
stated, that there is a difficulty in assuming the simultaneous 
oxidation of nitric oxid^ and the reduction of higher oxides to 
NO. But this objection cannot be bold as valid,and it wouljl 
apply to any” other theory eVer brought forward for the 
chamber-proceks, or, fo» that matter, fnr any <jiher prejeess 
where an “intermedium*,or “carrier” comes into *play, and 
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what would now be dalled q “ citalyt’ic ” o;* “ pseudocatalytic ” 
process ^(sce \clovw). Although both processes undoubtedly 
take place'at the same time, this may happen in the same 
chamber hndcr different conditions: when in a certain part 
nitrous ga:j is reduced to nitric oxide, sulphur dioxide vanishes 
tat that, part, and the excess ofjojtygcn present everywhere can 
now oxidise the nitric oxide again; by currents, diffusion, etc., 
fresh sulphur dioxide is brought in, and the process commences 
agajn. Besides, in any case the law of the'action of masses 
comes into play in that part of the process ‘where, reversible 
reactions take place, i.e. the decomposition of nitrososulphuric 
acid by water, as we sh.all see later on. 

When, in ifi/S, the first edition of this work was written, 
the question had not practically advanced beyond the labours 
of Weber and Winkler, both of whom relied on laboratory 
experiments, not on researches made with actually working 
vitriol-chamber.s. The composition of the gases in normally or 
irregularly working chambers was not even known. The colour 
of the gases precluded the assumption that in the chambers 
NO was tj\e prevailing oxide of niti;ogen, except perhaps in the 
first part of the system ; it was akso known that nitric acid did 
not make its appearance there icxccpt under very irregular 
conditions. But the choice still lay between N,,0.| and NjO, as 
the'prevailing constituent of the “nitrous vapours” in the 
vitriql-chanqber, and it was not known which of these might be 
the real oxygen carrier. 1 my.self at that time thought I had 
good reasons for assuming that in a normally working chamber, 
where there is neither too much nor too little oxygen, the 
nitrous acid grc.atly predominates over the nitrogen peroxide. 

A solid basis for a true theory of the vdtriol-chamber process 
' could only be formed by investigating the manufacturing 
process it:>elf in alt its stages, and, both as regards normal and 
irregular worlf, by an extended serids of gac-analyses and other 
pertinent 'observatiws. The, first and hitherto the only 
complete investigation of this kind was that made subsequently 
by myself in conjunction with Naef at' the Uetikon works, near 
/Ciirich, to which allusioiv has^already been made (Chetn. Ind. 
1S84, pp. 5 to 19). The r^.sults of this investigation have not 
been shakeri by any 6thers carried opt' since, so' far as the facts 
of the case are concerned ; but then explana;tions at that time 



THECJRY 


• 

given by myself and by other chemists have had be nindified 
considerably, especially in consequence of flic «irthcr«p'])cri- 
mental work conducted by me in 18S5 (/. Cluiii. Sof., xlvii. 
p. 4O5 ; Ber., xviii. p. 1384 ; cf. other work done before and after, 
mentioned Chapter 111, pp. 33d <'i so/.). 1 proved that in the ifiy 

state, and out of the reach of sftlphuric acid, nitric oxide with* 
an excess of oxygen combines to form nitrogen /i-iv.vn/i' 
exclusively, or nearly so. If dry nitric oxide, being in excess, 
meets wit|j an insufificient quantity of oxygen, a considerable 
amount tAN.,0.| is formed together with N,X)4 (according to the 
view held at that time). In the presence of moisture, nitric 
oxide and excess of oxygen combine to form nothing but idtric 
acid. Dilule sulphuric acid (sp. gr. 1-405) acts on the whole 
like'water, but a small quantity of nitrous acid is formed, as 
mufh as can exist in a stable solution in the acid (nitroso- 
sulphuric acid cannot exist in such dilute aciil). I’crhajis the 
most important observation, combined with others formerly 
made, was this:—If stron;^ snl|jhuric acid is in presence of a 
large excess of oxygen, and nitric oxide is slowly pas.'-ed into 
it, only that piartion of NO*which is in uiuni'dititc contact with 
sulphuric acid, and so far as nitro.sosulphuric acid can bo 
formed, is not oxidised beyond the state of .Ydl; (•ti’ previously 
found by Winkler and myself); but all the gaseous molecules 
coming into contact with oxygen nidsnic the acid, even 
immediately above it, behave like dry ^mdj^.'xccss.of 0 

generally—that is, they combine to form N.p,,. 

This last observation made it impossible to maintain,,is hifd 
been done in the first edition of this work, and in some of my 
later papers, that the reason why the excess of O within the 
vitriol-chambers do not from the NO produce altogether NO.^,^ 
but N.p., (or rather a gaseous mixture of approxinjatel>- th;it 
composition) lies in the fact that there is a ndst of sulphuric 
acid floating all ovtr; for*the liquid particles of*.suJphuric acid 
forming that mist are still at*very gre.tt distances from one 
another relatively to the amount of molecules of NO and O 
present, and wherever the latter act upon one another otherwise 
than in immqtliatc absolute c^ntac^ with the atid, they wHl 

not yield NjO^, but N./),. . ., 

Raschig {.l/iiia/i-ii, cc^Jviii. |). 135) asserted that nitric oXjdc, 
even when meeting w vdty large excess of oxygen, is not 
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converted int^ bUt into NjO.j, provided that the oxygen is 
diluted v/ith n)ltrog8n,as in atmospheric air. But this assertion, 
which was already at that time opposed to the statements of 
all other cliemists, was entirely disproved by my researches [Bcri 
r>{r., i<S.SS,'p. 3234), which showed that Raschig’s experiments 
’■were badly conducted, and that! NO is transformed into nitrogen 
peroxide by atmospheric air just as well as by pure oxygen. 

The wiiole of Ra.schig’s arguments antj hypotheses are 
vitiated by the recognition of the fact that njtrogci’i trioxide, 
, N.X).,, does not exi.st in the gaseous form except iivtraces, as 
we have shown before (p. 332). Of course m)’ own theory is 
also affected by the above fact. But, as 1 have .shown in 
C hapter 111 . p. 333, that theory is altogether compatible with 
the light gained by more recent knowledge, since a mixture 
of NO + NO., behaves towards sulphuric acid exactly like N^O.. 

Raschig’s own theory of the vitriol-chamber process 
(. ccxii. p. 242), propounded at that time, a.ssunied as an 

intermediary link the temporary formation of a compound 
which he calls dihydroxylamine-sulphuric acid,"of the formula 
(()iI).,NSO./)H, but which nobody has seen, and whose 
preparation in the free state he himself did not expect to be 
po.ssible. He assumes this compound to be formed when 
nitrous and sulphurous acid meet, but to be instantly 
decompo.sed with more nitrous acid into .NO, SO^tl.,, and H., 0 ; 
NO is thenr again oxidi.sed to nitrous acid, and the process 
begins anew. 

■ 1 have shown (A’lV., 18S8, pp. 67 and 3223) how unfounded 
are all the arguments adduced by Raschig for his view. A 
• summarv of the controver.sy was given by Hamburger in /. Soc. 
Clh'hi. lud., 1S89, p. 164. 

‘ Several facts have to be reconciled in any true theory of the 
lead-chamber process: ist, the fact that the chambers contain 
at first a mixtvjre of morci than i mol!'NO to‘’i mol. NO.,, later on 
almost exactly equal'molecules of NO and NO.,, but in regular 
work never any excess of NO.^ over this proportion, which excess 
we have in our former discu-ssions called “ free ” nitrogen peroxide 
(Lunge and'Naef’s observations at Uetikon) ;.2nd, that NO 
and an excels of 0 combine, to form N .Oj, and only where NO 
and"0 nieel at the'same time suli^fiuric acid of sufficient 
con'centration they form nitrous acid, but not in the free state, 
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merely in the shSpc of SO/OH,)(ONCt); NO and O, in the 
presence of H^O and SO.,, qay also form* dir/ctly ii 0 ./ 01 IJ 
(ONO). A new theory of the cliainber-process, bas?d o*n thc.se 
fundamental and all other ob.served facts, had beJn clearly, 
although very briefly, indicated b)’ in\self in iiy before- 
mentioned paper of 1885 (/. Sik., xlvii. p. 470), and it wa.s» 
further developed in subsctpient papers, cs[H;ciall_\’ AV/-., 18S8, 
pp. 67 and 3323. 

The principal ideas of that theory wert' stated b)' me in 
1885, as follows ;— "Sulphur dioxhlr cotuhiiirr dircitlv irilh 
nitrogen trioxide, owe^en, and a little water ti> ferm nitroso- 
sulphnt ie acid, tohieh floats in the ehawher as a mist; on ineetino 
an excess of water, ei/nally floatinp' about as a mist ||)robably 
mostly or ail in the shape of very dilute snlpiuiric acid], the 
nit^sosnlpliurie acid splits up into sulphuric acid, which sinks to 
the. bottom, and nitrogen trioxidc, -which begins to act anew. 
Hence it is not, as hitherto xenerallr assumed, the nitric oxide, 
NO, but the nitrogen trioxidc, N .O.,, -wiiicit acts as earner oj 
oxygen in titc vitriol-ciiambcr process." As mentioned later on, 
the formation of sulphuric acid is not brought .iiboiit by 
alternate oxidation of NO to N., 0 , or N-.O,, and siibseipient 
reduction of these compounds to NO, but by a londensation of 
nitrous acid with sulpliiir dioxide and oxygen into nitroso- 
sulphuric acid, and a .subsequent sjilitting up of this compotmd 
by an excess of water) as represented by tl^e following 
formuhe: 

(1) SO., + N()Oll+() S(),(01l)(()\t)), 

( 2 ) SO.XOIl)(ON())-i-ll,o’ II,,S(bt NOOII. 

At tile same time, I pointcil out that these reactions were or 
might be locally mocRfied by special circumstances in different 
parts of the chamber, and this matter wa.s treated in detail in • 
my papers of 1888. 

We see at one* that ‘that theory' goes bath to Davy’s 
theory of 1814, subsequently .upheld, among others, by L. 
Gmelin and Cl. W inkler, according to which the intermediate 
formation of nitro.sosufphuric acid (chamber-crystals) is a 
necessary link jn the chamber-process. Hut my new theorjj 
removed the complication of thosq former views, and their 
partial contradictions tfl, observed faefs, by denying >thc 
necessity of a reduftiouto NO as an indispensable factor in (he 
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process, from which retlnsction, would follow the formation of an 
excess nf nitrVgcn* peroxide in,tlic chamber.* We will now 
follow up tne new theory in detail and consider the modifica¬ 
tions which the process suffers by local circumstances in certain 
palts of tha chamber. 

I.ct< us remember that the gases of a normally working 
chamber contain at first an excess of NO, further on and right 
to the end only an equivalent mixture of NO-fNGo, equal to 
N., 0 .,. An excess of nitrogen peroxide over that proportion 
is found only in case of irregular work, when by sending an 
unnecessary excess of nitrous gases into the chambers the 
formation of sulphuric acid has been finished too early, and the 
last part of the chambers contains extremely little SO.^; in this 
case only free NO., is there found. A greater or smaller cxee.ss 
of o.xygen is without any induence on the question wheMier 
NO-f NO„ or more NO„ is formed. 

.‘Mthough we now know that N., 0 ^, when liberated from its 
combinq.tion with sulphuric acid, immediately dis.sociates for 
the most part into NO-fNO.Ma very small quantity of 
remains an. such and can enter into the above-stated reaction 
(l) (p. 997); and according to the law of mass-action 
immediately more NO-|-NO.^ recombines to form N., 0 .|, so that 
no sensible quantity of NO has time to form with oxygen 
“ free ” nitrogen peroxide, as .SO,, is present everywhere and 
leads.to the/ormation of SO.-N II. 

The same compound will be formed according to equation 
(9) (.see p. looi) by SO,^ from any locally existing free NO.^ 

The orange vapours filling the chambers consist of a 
mixture of NO and NO,,, the former being in excess in the 
light-coloured front part of the chambeir-system, whilst later 
'on the proportion (as shown by analysis) is almost exactly 
= NO-fNO.j, which constantly again acts with H.p, SO.^, and 
0 to form SOf.NII, and is re-fornaed from the latter by the 
action of Aorc H, 0 , ns shown by the equations: 

(i/') .SO„ + N()On+(> , = SOjNH, 

(2 /-) 2s 6.N H + 1 1.,0 - 2H,,SO., + N.Pj, 

' (3''') 'N/b+liP' <• =2NOOif 

* liy “fre4” nitrogen perokije I mean ;)ny excess .of NOj over the 
protVortionr required to form N.jO,i with NO, here as well as in all other 
places. ' ' . 
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or else; 

(i (■) 2SO., + NO + N()/+p,,+I1,,0 ^ 

(2c) 2S01nH + H,<)' ' 2 ll,,S()| + XT) + ^0,. 

The reactions forincrly assumed by Berzelius (with tin 
qualification expresi#.-d on p. 9S9), K. Weber, m^'self, and 
although but indirectly, b)- Ra'scl'ig, namcl\': 

( 3 ) S0,, + NA+I1,0 li,S(), I NO, 

(4) .2Nbt O - N,(V„ 

cannot rqjresent* the chambcr-jirocess : fur, firstly, in this casi 
there would be everywhere in the chambers, u|) to tlie end,: 
large number of molecules of NO together with N,,().,, which i. 
not the case; and secondly, tlie re,action (.}) does not tal:( 
place at all except in iiiniu'iiiitl,- contact with (strong) siil|>huri< 
acid*; but in contact with sulpliuric acid there is no free N,,0 
formed, but SO-NII, and wc are thus forcibK' brought bad 
to reactions (1) or to reaction (7), mentioned below, if ii 
the back parts of the chambers NO (more than rciiujred fo: 
the formula NO + NO.,) existed to any extent in the free .stat< 
for any appreciable length ^>1 time, it would there Ij^^ oxidisec 
into nitrogen peroxide, and this in contact with cither water 0 
sulphuric acicl will form nitric acid, wliich should be fijund, a 
least to a great extenr, unchanged, as it is a sulficicnlly stabh 
compound in that part of the chamber, w here there; is far too 
little SO., and too low a temperature to reduce much UNO,,. 
But since' HNO,, is nol found in normal working back-chamber.s, 
nor in the Gay-Lussac acid, nnr ihcon’ Inni'd on tho nxu/iM- 
reduction of nitrons vapours doivn to nityic oxide, N O. emnot he 
accepted as true, as it involves the lormation of" free N.A and 
subsequent!)’ that of MNO,,. 

It is important for our theory to notice that sulphuric acid, 
such as found in the chambers, certaiidy dis.tolves veo' .sensible- 
quantities of SO,NU, and huleed all t^ie " drips ".at'd even the 
bottom acid of the back-chani,bcrs testifr' to this. Bid this 
solubility, or, as it is better expressed, the stability, of SOf.N H 
is greatly diminished bbth by a higher temperature and by 
dilution of the acid (,/. pp. 339pV r*;.), and this behaviour iij 
indeed the foimdation of all former^ processes for denitrating 
nitrous vitriol tpp. 846*1-/ scq). fn the' vitriol-chambers ,the 
temperature is mqch jbov* that of ordinary air; the second 

3 ? 
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"condition is also fulfille<j, for as sbon as the .SO5NII formed in 
■one place, and floating about in the shape of a fine mist, meets 
with partioles of water or of dilute sulphuric acid floating about 
as well, it must suffer decomposition according to equation 
(2,\ p. 999,,so that sulphuric acid and nitrous acid arc formed. 

, Only tho.se portions of nitrpsqsulphurii acid which are in 
immediate contact with the bottom-acid will be dissolved by 
this, and will thus be temporarily withdrawn from decomposi¬ 
tion ; but this takes place to a somewhat greater extent only 
in the back chambers, whikst in the front chanibcr, ^here both 
' the higher temperature and the exce.ss of SO.^ act as'^cnitrating 
agents, the bottom-acid shows little or sometimes even no 
“ nitre.” 

The views hitherto brought forward do not, however, explain 
the whole of the vitriol-chamber process; they must* be 
modified for the first part of the chambers, which is filled with 
opaque white clouds, and where Lunge and Naef have proved 
the existence of much NO in excess above the proportion 
NO-pNO^. The temperature is' highest and the formation of 
acid most vivid in this region. It is not in itself impossible 
that here t'lic following direct reactions take place: 

( 5 ) SO, + NO, -F 11,0 - I I,.SO, -I- NO, 

(0 .SOm-zNOOlL- II,,s 6 , + 2 NO, 

which would explain the occurrence of NO. 'I'he latter, when 
meeting StL and 0 , both pre.sent here in large exces.s, forms 
directly nitrososulphuric acid: 

( 7 ) 2 SO + 2 NO -f- ,;0 + 11,0 2 S 0 ,N 11. 

Locall)'| where water is in excess, nitric acid will be formed, 
butfherc, where this acid is in the state of* vapour, and where it 
‘ at once meets an excess of SO,, it is instantly reduced by the 
reaction : . 

, (8) S.0,,+ HN 03 AS 0 jNK. 

In fact in this first part of the chambers the conditions are still 
altogether analogous to tho.se prevailing in the immediately 
preceding Glover tower, and are entirely different from those 
occurring in the back part of the chambers, wh«e the tempera¬ 
ture is lowet and there is iery much jess SO^ present. In the 
fro.iit part the NO finds such an excess of SO,, O, and HjO, 
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that the tormatioi! .of N'/), is either aU^lgctl’cr vn'clinloil, )r if 
any small quantity bf it is focally forined it must be jnstantly 
absorbed again, according to o Miation : ^ * 

( 9 ) 2 S()_, + N,,()., I-0 +11,(» 2 S(i.Ml. 

/;/ the fir si part of the elunnber srsteai “free " nitnh^eii pero vide 
does not (Hid eannot exist in appreeiahle ,/iidiititles, oud fheiefore 
theforiiiuttoii of siilphurie aeid necorifiire^ !o eqiutlioii \ does not 
play auy,or HO nj^reciahle, part. I'aiiiation (6) is practically on 
the same lines. , 

This^es not yet e.xplain why there is in fact a large r.xces.s • 
of NO present iji the first part of the chambeis. We .seek this 
explanation in a secondar)- reaction which under the e.visting 
conditions is bound to occur, viz.: 

\ (10) 2S()NII+S0, -..’Ih/)- ,;S(),ll,t-2N(). 

This is, of course, precisely similar to that which takes place 
in the immediately [rreceding space, that is, in the Glover, the 
conditions being identical in both cases: presence of large 
quantities of nitrososulphuric acid, of SO.,, of 11 , 0 , and an even 
higher temperature than nqarthe tofrof the Glover tyjver, where 
the inflowing acid has a cooling action. Thus more NO is 
formed than can be at once taken tq) by reaction (7), 

The general results arrived at are as follows: -'Jhe 
principal mrc/fcw.c conducing to the formation of .snijjhuric ficid 
in the vitriol-chamber.S arc, the foniiatioii oy nitrososulphuric 
acid from sulphur dioxide, r),\ygen, and nitrous acid (eq. 1), and 
its subsequent decomposition wdicn meeting with water or dilute 
sulphuric acid (cep 2). Whether N, 0 ,, exists for an appreciable 
time as undecompo.sed vapour or not, is not a decisive point in . 
this case, as we may >i>troduce the hydrate .\001I, an'd a^ithc 
components NO + NO., act just as N._. 0 .,. Besides this principal* 
reaction, another set of reactions take place* in the fprst part of 
the chambers, whtjre the* nitrososulphuric acj^l is (lartially 
denitrated by the excess of sujphur diojide (cq. iTt), and the 
nitric oxide thus formed combines directly with .S()„ O, and 
HjO to reform SO,,,NW (eq. 7). All the other reactions 
enumerated above either play no part whatever, or only ag 
insignificant part in the chambir-proces,s, and " free ” nitrogen 
peroxide especially does*not occur* at all* in normally working 
chambers. 
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The mutujjl actioif of thp agents‘meethig in the vitriol- 
chamberf partly befcngs to the cl^ss of reversible reactions, whose 
direction in'one sense or another is determined by the “action 
of mass,” one or several of the components being in excess. 
Ttfe direct veaction SO.^-pO-l-H .,0 = ILSO^ is not reversible at 
the maidmum temperature of the lead chambers, but some of 
the intermediate reactions are. If oxygen or nitrous acid is in 
excess, the condensing reactions (i) and (7) jjrevail, and thus 
the lormalion of nitrososulphuric acid is induced; but if sulphur 
^ dioxide is present even only in relative excess, the c^piitrating 
reaction (10) prevails, and NO is split olf. This docs no harm 
in the first part of the chambers, where there is time for the NO 
tr) enter into the condensing reaction (7) ; but if it happens in 
the back part, the NO is lost, as it is not retained in the Oay- 
Lussac tower and escapes into the air. .Another reversible 
reaction is that between sulphuric acid, nitrous acid, and water; 
where the sulphuric acid is in excess, we have : 

V 11 ,,S(), I NOOII .SO,NI I + H.,t); 

where, on the other hand, water is in excess, we have : 

SO;,NIl + If.O 1 I.,s 6 , + NO()H. 

Nothing is more certain in the manufacture of sulphuric 
acid than that the proce.ss of converting sulphur dioxide into 
sulphuric acid takes place in a regular way only by the action 
of a Large e\cess« of ox)-gen and of nitrous vapours ; in case of 
a smaller ‘c.xcess of these agents sulphur dioxide escapes into 
the air. Both theory and practice show that even with the 
greatest excess of oxygen it is not possible to effect an 
absolutely complete oxidation of SO.,; it is generally agreed 
thatpthe best practical limit is attained if the exit-gases contain 
‘0-5 per cent, of the sulphur originally employed in the shape of 
SO... The rate at which the formation of sulphuric acid takes 
place under the given conditions of d certaki excess of oxygen 
and of nitrous vapourc has been mentioned before (pp. 958 etseql) 
as observed experimentally. It has also been mathematically 
deduced, first by Hurter (/. Soe. Cliem. hid., 1882, p, 52), after¬ 
wards by Sorel (in his frequently quoted paper^ but their very 
hypothetical calculations claim to interest mostly on the 
ground Jhat they are in general apkbrdancc with previously 
observed facts, and we must refer those, interested in them to 
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the originals.' Both aii\liors*alsc^roi)rQst'tU tlio I'orinal ua^'king 
of the chambers b\- curves, with which I 4 urler com^rarcs thV 
practical results of Mactear, and Sorel tlmse of JainJjc .Ind Nacf 
(which were not piibli.'hcd at the time of llnrter's theoretical 
research). 

We have previously (p. 9<)4)'compared Uniter’s ciiuves with 
Lunge and NaePs conclusions; in this place we will give the 
diagram in which Sorel repre.sents the procc.ss (h'ig. 450), both 
by his theoretic'd curves (drawn in full lines)-the upper one 
represeijyng a'loss of 0-5, the lower a loss of 24 per cent, of 
sulphur—and the results obtained bv Lunge and Naef (in dottcif 
lines). I have ahead)- (pp. 964 and 965) pointed out that whilst 
on the whole the rate of formation of the acid is in agreement 
with the theoretical curve.s, there are distinct breaks correspond¬ 
ing to the points where the gases leave one chanber to enter 
the next, and wc have to some extent gone into the explanation 
of this phenomenon. Hut it is now time to give Sorel’s 
explanation, which, although in full agreement with my theory 
of the vitriol-chamber process, amplifies it by speciiying more 
distinctly the conditions .under which either the.lir.st or the 
second of the main reactions, 

( 1 ) S0,,-i-N()01I I f) SO.,Nil, 

(2) soA'ir i Hd) n.„so,-i Nooii, , 

takes place. 

In an inert atmosphere nitro.sosulphuric'acid will give nj) 
more or less N., 0 .,, according to the concentration of the 
sulphuric acid, to the quantity of nitrous for nitrososulphurlc) 
acid, and to the temperature. If a certain quantity of .N .O .'is 
removed from the surrounding gases, either dircetjy or by' 
reduction to NO, the acid will yield up more N., 0 ,,; if, ofi the 
other hand, the surrounding atmosphere becomes richer in 
N,, 0 ., by oxidation of NO, the acid will again take up some 
NjOo. The tensioh of N.,6,, in its soUtion in H,,SO, is increa.sed 
by a rise of temperature, but much morft by diluting the acid. 

‘ Sorel {Fabr. tie PAc. siHf. p. 566 ) maintains lhat the first proposition of 
Hurter’s is self-evident, hut that the renjaining propositions are mathe¬ 
matically untenirtfle ; moreover, that»somc of Hurter’s eonelusions, dra^n 
from his matheipatieal rc.tsoning, are p.frtly contrary to j:xperience. .So 
much is certain, that practice Jias not profited in any respert wjjatever from 
his theory. * 
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If, therefore, there cxist*in an atqiosplwte coiitaihing a cc tain 
quantity of N^O^, two solutions of N.^O.; in‘sulphuric >cid, on^ 
of them in concentrated, the other in dilute Isuli!)hui1c acid, 
the former will enrich itself in N„ 0 .j at the expense o( the latter, 
even if it be to a certain extent hotter than the latter. Even 
the presence of SO.^ does not i?revent the solution of 6JoO., ir. 
sufficiently concentrated acid, provided that oxe gen is present 
in excess and that the tension of the N„ 0 .| (actually present or 
possible t^ be formed from NO and O i is greater than that of 
the acid j*i question. On the other haiul, the SO.^ will decom¬ 
pose (/.<’. denitrate) the acid if the outer tension of N,,0;, is le.ss 
than that of the acid, or on diluting the latter, or on raising the 
temperature. [These are indisputable facts, well known before 
Sorel, but very clearly put by him with the addition of bringing 
in Vhe “tension ’’ of N., 0 „ about which he could m t have known 
very much in detail, and which, in the light of modern theories, 
we .should parti)- or entirely repl.'ice by the ma.ss-action of the 
vapour.s. Much more material for deciding thc.se que;j^tions has 
been furnished b\- my own and my assistants’ investigations, 
pp. 344 et r<v.] 

Sorel goes on as follows. We will, for instance, assume a 
certain definite quantity of acid of 57’ Ife. { - i3o'-4 Tw.), con¬ 
taining so much N.O;, that for a specified temperature the 
equilibrium with the surrounding gaseous mixture is established. 
This acid hovers as a' mist in the gaseous masj;. .Suppo.se a 
certain volume of this gaseous mass is cooled down, the pressure 
remaining the same ; then part of the aqueous vapour c<«i- 
tained in the gaseous mixture will be precipitated in a liquid 
form and will dilute the acid. The acid will thus become 
incapable of withdnNving all its .N.p,, from the influence c/ the 
SO.^ present; some .NO will be formed, but also some 
by which the acid becomes more conccrftratcd. .If now the 
gaseous mass is brtught b&ck to the fqrmer, higher, temperature, 
the acid must, in accordance wjth the ris# of temperature, yield 
up aqueous vapour, till it has again attained the density 
= 57° Be., at which it o*nce more fixes NO and O in the shape 

ofNA- .. , • ' . , • 

Leaving out of consideration tl^,e secondary reactions, Sorel, 
like myself, regards fhe intermediate "formatioVi of niu-oso- 
sulphuric acid (tl^e fittatios of oxygen upon sulphur dioxide by 



1006 


THE’'CHAM8ER-PR0CESS 


means of nitruius acid)ia,s one of tfie principal'reactions, followed 
lay the c^ecompositwn of that compbund, by'diliition with water 
into sul^Aiirt ic acid and nitrons acid. 

The pftncipal cause for detcrniiiiinp- the reaction in this or 
that scnse»is a of tcnipdiiturc. W’c have seen before 

«(p. 941) that the temperature near the 'leaden walls of the 
chamber is cinisiderably less than that of the inner parts; 
therefore the jjases must assume a (piick rotation round a 
nearly horizontal axis, and each minute drop (T acid, according 
to the change of vapour-tensions, must first he'concciitrated in 
the central portion and then be diluted again near the walls. 
Suppose we have a chamber-acid of 116 Tw. or 67 per cent. 
H.,SO|. If, as was the case in a special experiment, the 
temperature next to the walls is = 75 , that in centre = 90 , the 
vapour-tension of 67 per cent, acid next to the wall will® be 
= 37 mm. {cf. the table, [). ,112); and since tlw acid hovering in 
the centre must have the same vapour-tension, but the higher 
temperature of 90', its concentration faccording to the same 
table) nuist bc = 77 per cent. II.,SO, or=iy>'’4 Tw. If, for 
instance, flie acid near the wall hjid contained only 64 per 
cent. li„S()|, its va|)our-tension would have been = 37-4 mm., 
and the hotter arid in the centre uould at equal tension have 
contained 71 per cent.--1 zb.Tw. A number of observations 
made by Sorel at working-chambers show that the above- 
suppojicd differentx's do exist, which proves that the assumption 
of an ecpial vapour-tension all over the chamber is correct, and 
conseriuently al.so the assumption that regularly the concentra¬ 
tion of the acid is greater near the centre than near the walls, 

, where the cooling action of the air is at play. But as the 
greater concentration of the acid favours the fixation of nitrous 
■vapours by SO,, and 0 , in the shape of SO ,Nil, and the greater 
dilution thq decomposition of this compound into IT.^SOj and 
N.jO;i, it followj that the fijrmation of* 30 ,,NU takes place chiefly 
in the centre, and tjiat of real Ih^SOj principally near the 
walls. The neighbourhood of the walls thus increases the 
production, as the cooling brings abolit the condensation of 
water, the dilution of the .nitrous acid, and its decomposition 
into HoSO^ and NjO,,. To a siAaller extent this is also effected 
by tlje neighbourhood Vjf the'acid layen kt the bottom, which is 
both cooler and more dilute than the, acicl floating about in the 
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centre. All thi.s fs indifectly* but cerlj^itily, pimi'd by the fact 
that a few centimbtrcs froTii the wall, wlu*re the furglation (Jf 
HjSO, must be strongest, and equally a little a|)<iv« the bottom 
acid, the greater intensity of the rc.ictions is mamVested by a 
rise of temperature • 

As the ga.seous current iuo\^‘s nearer the end of the thambe- 
it becomes poorer in .S()„and the reactions are therefore less 
intense. Moreover, observation shows that the tcm|)crature in 
the secoinl half of the chamber hanlly sinks at all in the centre, 
and bu^,2 ne^r the wtills. Less II.,SO, being made in this 
part, the acid in the centre is morr- dilute, and less abkr to fi.x 
N.,()., and SO,, in the shape of SO.^NII, and that at a time 
when the smaller quantit\- of SO„ ,an)’how makes this reaction 
mare difficult. This, according to Sorel, e.xplains the almost 
total cessation of the reactions in the back par' of the first 
chamber, observed bv Lunge and Xacf; and it also explains 
the revival of the proces^ in the sec(jnd chamber observed by 
them, as the <>ascs arc loolrd near the end walls of the chambers 

» o ^ ^ 

and in the connecting-pipe to the e.xtent of 20 or 30 In 
fact a chamber exposed oji the north side to the Ji;ee iiir, and 
i.m the south si<le t<j the radiation from a second chamber, 
made at the north wall times more acid 3 Tw. stronger 
than at the south wall. 

There must be ;i close connection between the temperirture 
at the chamber-wall, the nitrous-acid tension, tlie intenjiit)' of 
the reactions at any given point, and the outside tetnperaturc. 
For every description of chambers, every special place in them, 
and every rate of manufacture, a certain tem])erature must be 
the mo.st favourable—that which causes neither too much nor 
too little vapour-ten.'Son under the given circumstances, Jtoth 
when the temperature is too high or when it is too low more? 
nitre is used than under normal conditions' [the da^nage done 
by too low a temperature fs doubtful; </ the Fieiberg experi¬ 
ences, p. 939]. In the case of tjic “ inten^jive ” style of working, 
where the temperature is higher to begin with, any ri.se of the 
outside temperature makes less difference. Many manufacturers 
have adopted tl],is high-pressure style (brought atxjut by a veijy 
large supply of nitre, by means ,of ample Gay-Lussac and 
Glover space,* cf. pp. ’fijp ct se'].), where the dfauglvt is 
better and the c^st (if plant less; but this can only be tJone 



1008 THE CHAMBER-PROCESS 

• ^ ' 

with medium-'sized chhmber^ as otherwise-the heat rises too 

much attthc cQmmtncement. ,, 

We.?ce^io \4 important, in Sorel's view, is the part played 
by the division of the total chamber-space into several chambers. 
We cannol* doubt that in reality the cooling-action of the 
ehambcr-walls and ends and 6f the connecting-pipes is very 
important. But Sorel does not explain why, according to his 
own showing, the chamber temperature sinks very little in the 
.second half, and very little acid is made there, although the 
surface of lead on this part of the two long sides and Ibe roof is 
very much larger than on the two ends and the connecting- 
pipcs taken together. 

This seems to prove that the cooling is nothing like the 
fr//-important factor assumed by Sorel, and that the mbre 
intimate mixture of gaseous and liquid particles in the ebn- 
necting pipes and the shock against the solid surfaces which 
brings about a condensation of the particles of mist to larger 
drops, where the Ii<inid substances meet and react upon each 
other, must be equall)- acknowledged as potent factors for 
explaining the anomaly exhibited in the curves. Figs. 338 and 
339, p. 964. In my.own propo.sals for modifying the chamber 
.system, as explained on pp. 657 ot scq., all the influences for 
reviviiig the chamber-process are brought into action,—that of 
an mtimate mixture, of the shock against solid surfaces, and 
of thu dilutiqn of the acifi by water, which at the same time 
serves as ’ a cooling agent; and we have also seen that 
iiftuiy years’ practice has now proved the efficiency of those 
proposals to which 1 had been led, firstly by the experiments 
made by myself with Nacf on the Uetikon chambers, secondly 
by ni)- theoretical views as they were gradually evolved from 
‘both factory and laboratory work. 

Ostwald (at the Congress of Flectrochemists in 1895 and 
the German Naturforscher-Versamfhlung in 1901 ; Grundriss 
der AUgcmeincn Clu'mie, 3rd edition, p. 516) has pointed out 
that the nitrous vapours in the lead-chamber process act merely 
as catalysing agents, by greatly increasing the speed of the 
otherwise very slow and irtcomplete reaction: S-Oj-fO x H20 = 
H.,SO^. Ofpourse no objertion can be made against extending 
the < clas4 o! " catalytic proces.ses,”, With whicK we must of 
necessity deal when speaking of the manufacture of sulphur 
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trioxide in Chapter XI., so^as toieinbfifcc the vitriol-chambej 
process as well. But,as I ha\4e shown in C/imii., 1902, 

pp. 148 et se<]., it would be a grave error if we iiiia^ne<f Jh;*t we are 
explaining that (or any other) process by calling it “catalytic," 
or that by giving it (hat name we may detract from*the minute 
investigation of the intermediary reaetions. On the cOntrar)’*, 
only the latter can lead up to a real “explanation” of the 
process, ju.st as will be shown in Chapter XI. In the present 
case Ostwjild’s enunciation has caused some little mi.schief, as 
others ^ke Th. Meyer), on the alleged authority of that, 
eminent theoretical chemist, believed they might neglect as 
une.s.sential the intermediate reactions between the nitrogen 
oxides and the other substances pre.sent. Ostwald himself did 
nnt’go so far, he simply said that the assumption of intermediate 
prdtiucts is not suitable for all cases ; but proof should be given 
that intermediate reactions in fact proceed more quickly than 
the direct reaction. Hut in the present ease this prooj is 
ahuiuiantly afloriled by the experience oj many generations^ amt is 
constantly repeated by every teacher of chemistry. While" the 
formation of sulphuric acid by the direct action of't^C)., on air 
and water is notoriously an extremely slow and incomplete 
process (p. 987), every lecturer on chemistry .shows the 
instantaneous formation of chamber crystals when the above 
reagents meet with nitrous vapours, and the ccpially instantaneous 
decomposition of these crystals when mcetfng/in excess of 
water. I cannot conceive a more complete fulfdment of the 
condition demanded by Ostwald, and a more utter deductio dd 
absurdum of tho.se who would hencefjrth consider the reactions 
of the nitrous vapours in the lead chambers as uniipiwrtant 
“by-reactions" whose study is not essential for arriving tit a 
theory of the chamber-process. 

Several subsequent papers on the theory of hhe vitriol- 
chamber process caft be only briefly quoted. » , 

Loew {Z. angew. Client., 1900, p. 338)tfles to apply the law of 
the action of masses to the above process. But, as I have shown 
{ibid., 1902, p. 146), he makes inadmissible simplifications and 
other erroneou54issumptions wh^ch rSnder his rearming futile.' 

Th. tHeytt JJbid., 1901, p. i245_)»makes an evpjn much less 
successful attempt in the*same direction. I have sheswn (fbid., 
1902, p. 147) that he has entirely misunderstood the law of the 
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action of ma.sics, and hys, m(^reovcr, committed so many other 
grave nv.stakeathat there is no occasion to discuss his paper 
here, the Idss sp as he has entirel}' acknowledged the justice of 
my remarks {tln'/i., 1902, p. 278). 

■ The discussion as to the possibility of establishing a mathe¬ 
matical theory on the above lilies, has been continued, without 
any practical result, by Riedel (ibid., 1902, p. 4^2), Lunge {ibid., 
p. 581), Ilaagn {ibiii., p. 583), Riedel (ibiii., p. 858), Lunge {ibid., 
p. 931), Keppeler {ibid., p. 809). 

Of much greater importance is the paper) whici^^wc shall 
now refer to, viz. Rrodc’s, in /i', dugru'. ChcDi., 1902, p. 1081. 
He broadly surveys the laws of chemical dynamics, and I shall 
give a short abstract of this paper, so far as it concerns our 
subject. Theoretically every reaction may be regarded* as 
incomplete at any temperature, since our analytical mctltods 
will never be sufficiently e.\act to detect the minutest traces of 
unchanged substances. Rut practically we must regard those 
reaction^ as toiii/ileli- in which the products of one side of the 
equation cannot be altogether d('lc</cd awA in which the reaction 
proceeds cutircly in the ratio of the.equivalent weights. These 
reactions are denoted by the mark of equality =. huvwplete 
are those reactions which are mrrsibk, and which are denoted 
by the mark (van’t Hoffj. At ordinary temperatures, for 
insfance, the reaction 2I[., 4 - 0 ,. = 2H..() is complete, at high 
temperatures, it is incomplete: 

.•ll,,-t-0,,^72ll4). 

Nearly all reactions are incomplete at high temperatures, and 
at e.xtremc temperatures the reaction would be complete in 
the opposite direction : , 

. 2 ll.,() 2 II.,-f ().,. 

If we enquire hi'iw far different reactions actually take place, 
that is, if we regard ^le position of equilibrium, we find 
enormous variations,, which wp ascribe to the difference of 
chemical affinities. We measure these by the “constant of 
equilibrium," which, according to the law of the action of 
Siasses, has >the following meaning:—Lor every reaction at 
constant temperatures the ,prociuct of the concentrations of the 
reacting substances oh one side of theequation,'divided by the 
prdduct of the concentrations of the sijbst4,nces on the other 
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side, possesses a cfiiislanl value, if^we sl^aic the ci^ieentratii u in 
“moles” (gram-molecules p^r litre). If tuft, three, or,;/ mole* 
cules react at the same time, in lieu of the simpK|cortceiArations 
the second, third, or //th |>o\ver must be assunled. The 
constants arc therefore independent of the conceniration and 
remain unchanged tor cver)-.rrfiction at certain temperatgres. 
In the case of incomplete reactions their order of magnitude 
does not differ very much from unity ; in the case of complete 
reactions their value approaches zero. The l.iw of the action 
of mass^^ admits of computing the shifting of concentrations 
consetiucnt upon adding an e.xcess of one ol the components 
to a mi.xture in the st.ate of equilibrium. If, for instance, in the 
reaction the three .substances are at cvpiilibrium, they 

are in the relation : ''const. If we now add to , another 
• <■" ’ 

(luantity = there will be a change of .r molecules in the sense 
of using iij) somewhat more of the substance ix; when the 
equilibrium is again reached, the concentration of the second 
component will not be ly + it, but c + r, and the ct)nccntra- 
tions will fulfil the following conditions: 


e ■ • (cr.,T 

This admits of computing the value of .r. If one of the com¬ 
ponents is in great excess, the concentration ,of the,other 
component can be reduced to a very small value. 

Van't Moff has shown how (he reaction-constants can be 
quantitatively computed from the “ heat-toning ” of the reaction. 
From this follows further that on the shifting of the equilibrium • 
a phenomenon .sets iTi which opposes the shifting and pariially 
undoes its effect; hence any shifting through an elevation ol* 
temperature will be combined with a rea'ction which iihsorhs 
heat, and viu- -. irsii ; a^ extreme .temperatives only such 
reactions will occur which absojb heat (feemation of CS.^, CaC,,, 
(NC-CN). Ky increasing the pressure those reactions are 
promoted which reduce the total number of molecule.s. 

But the law^of chemical equilibrhim enlighten* us only upon 
the fined state into which a reac’ling.mixture enters and where¬ 
upon no further spontaftfous change tafies place; tljey de not 
state anything concerning# the velocity of reaction, the factor of 
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‘time not fiiniing anjj place in'thermodynamical equations. 
Concerning this subject w£ may establish the following 
specifications :-y 

I. With increasing concentration of the substances vanishing 
during the^reaction, the reaction velocity g increases, and in 
complete reactions is proportional to the concentrations of the 
moles per litre ; thus: g—kcp .,; k being a constant to be found 
by experiment for each reaction and each temperature. On 
the other hand, the concentration of the newly fonned sub.stanccs 
comes into play only in incomplete reactions.' Hefe g is the 
‘difference of two opposite reactions; the newly formed 
substances r,, c.,, causing a change in one direction, the 
vanishing .substances r.,, a change in the opposite direction : 
,ir=/r|r|C, 

In the state of equilibrium = hence ^(,'■=0. The 
equilibrium-constant k is the quotient of the two opposite 


velocity constants 


K 

k.; 


When a substance does not react with 


one molecule, but with n molecules, properly speaking the 
concentration ought to be expressed in the «th power in the 
equation of velocity, but experiment has generally shown that 
lower powers must be assumed. If the reaction goes on step 
by step, only one of which requires .sensible time, the others 
proeeeding with extreme velocities, the total reaction mu.st 
proceed with the velocity of the slow intermediate reaction. 

2. 'The ihlluencc of temperature is always felt by an 
epormous increase of velocity on raising the temperature. 
Generally raising the temperature «x lo” increases the velocity 
by 2-5;/; for instance 30’= 2 5 x 2 5 x 2 5. Thus a process 
which atr too requires an hour, at o' will take a year. 

, 3. Hy means of catalyscrs the velocity may be increased to 

such an extent that a reaction which by itself has an infinitely 
small velocity ( = 0), after adding r. certain substance, which 
remains unchanged during the reaction, is effected in an 
immeasurably short time. As pure catalysis we denote the cases 
where intermediate reactions are impossible or unlikely; as 
pseudo-catalysps (Wagner),, those cases in which intermediate 
reactions arc proved or probaGIe. Neither kind of catalysers 
can shift tlib position of equilibrium', otherwise we should 
attain a p'erpetuum mobile., Catalysers cannot^possibly influence 
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the free energy ofc a system ;•thcy merely intliie^ce the tine o? 
reaction. What causes the difttrence in •velocity of variou* 
reactions is an entirely unsolved problem. 

The application of the above to the theory ('f th<» formation 
of SO3 from SO;, and 0 will be referred to in the 1 yh Chaitlcr. 
Here we consider merely hou» far we can appl\' the Jiithertj 
attained results of chemical dynamics to the lead-ch.iinber 
process. Urodc agrees with me in holding that in this iirocess, 
where hydratcd*iulphuric acid is/An//>v///r formed at 

a maximiftn teni[jerature of 90 , the laws (jf chemical ef|uilibrium 
cannot Be applied. Wc can only think of applying the laws of 
the velocity of reactions. I'dsewhcre wc alw.iys notice an 
increase of velocity with increasing temperatures; how, then, 
cat] a complete reaction have an of temperature ? The 

explanation is this : that the pseutlo-catalytical action of the 
nitrogen oxides in the ch.imber is founded on two intermediate 
reactions of different velocity. In such cases the time reipiired 
by the entire reaction always dcpeials upon the slower of the 
intermediate reaction.s. Since in the lead chamber’water is 
always pre.sent in the .shape of mist, the process goes on in two 
phases, the liquid and the gaseous. With an’increase of 
temperature more an<l more aqueous mist is changed into steam. 
But nitrososulphuric acid requires liquid water for its decom¬ 
position, so that with the decreasing concentration of the Utter 
the velocity of one of the intermediate reactions must e(|ually 
decrease. Moreover this re.action is incomplfte .witri low 
concentrations of water. We have thus an interesting case pf 
pseudo-catalysis. The direct reaction is practically not 
reversible, nor is the first of the intermediate reactions,' but the 
.second of these (theylecomposition of nitrososulphuric* aci]l by 
water) is reversible. Con.sequentlt after some time nothing, 
remains of the original SO.^, but part of the .SO,,.NT! Mil remain 
undecomposed, since for practical reasons, sulficicntly elucidated 
in the text of this chapter, it is not feasible to ’en/])loy in the 
last chamber a sufficient excess of water to completely 
decompose the nitrrjsosulphuric acid. Thus a considerable 
quantity of the latter must remain qp to the last,,and it would 
i be removed wlttl the inert nitrogen and oxygen if it were not 

‘ Cf. (p. 343) Ay observattens as to great stability of ilitrososuipburic 
acid in the absence of water. ' 
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retained by thb Gay-Lnjsac t^wer. This theory has explained 
ftie reascj.n of the fdtt, known to practical acid-makers for more 
than ha!lf d' cqitury, that there must be a large excess of 
nitrogen okides in the last chamber if the conversion of SO., 
into H.jSOpis to be practically cuinplete. 

< Since in the lead chamber, a.s* in every helcrogeneous proces.s, 
the velocities of condensation and absorption also essentially 
influence the total velocity, the reactions in the chamber are 
very complicated and are nut yet accessible fo mathematical 
treatment; hence a dynamical theory of the forr^i.ption of 
sulphuric acid in the lead chamber cannot yet be established. 

In his excellent treatise 7 kV lilemi'iitc (kr chcmischeu Kinetik 
(Wiesbaden, 1902), liredig equally shows that the quantitative 
working out of the intermediate reactions in the lead-chamber 
process must be an extremely complicated problem of chemkal 
kinetics which is not likely to be realised ver)' .soon. At the 
present time we must be content with my above-given demonstra¬ 
tion, that there is an enormous difference in velocity between 
the direct oxidation of SO,, by 0 and the intermediate reactions 
postulated, .by me, which cannot be reactions of secondary 
importance, since the)’ alwa)’.s occur iiiiiiiediatfly and quauti- 
tiitivdy whenever the components meet. 

The preceding pages give an account of the state at which 
the theory of the lead-chamber proce.ss stood at the time of the 
publication o[^ the last edition of this volume (in 1903). Since 
that time a great mail)- further contributions have been made 
to this subject, of which wc shall now give a succinct account. 

A very important paper on the physical chemistry of the 
■ lead-chamber process is that published by Trautz {Z. physik. 
C/ieh!,, xlvii. pp. 513 to 610, abstracted if Chem. Centr., 1904, 
'i. p. 1301). lie declares the mode of action of the nitrogen 
oxides in the chamber to be still unexplained from the physico¬ 
chemical standpoint; he,has made txperiinents for filling up. 
the gaps, and gives a critical reyiew both of his own results and 
of former attempts in that direction. There is still uncertainty 
as to the kind of nitrogen oxides prevailing in the chamber. 
The oxidation of SO.,, dissolved in water or^dilute sulphuric, 
acid, is extremely slow wi{hou't the assistance of a catalyser. 
As tuch .we'must regard the oxidiseU nitrogen compounds: 
HhfOj. NO.,, NO, 1,IN03 and SO,, (OH} ( 0 ,NO), The action 
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of HNOj as a catal_\ scr is cxtYcmcl)' coirjilicatcd- The ai lhor 
Studied in detail the conditions of’cquilibrimn between nitroso-* 
“sulphuric acid and mixtures of II.^SO, and w iter at .various 
concentrations, the concentration within the limits of chamber- 
acids beiny; of especially great influence on the stability .of 
nitrososulphuric acid. riiat^ac’d, wiien mixed with ayjueous 
sulphuric acid at a tenqieratuie of 25 , on pas.sing an indifferent 
gas through it, is decomposed all the more quickly the more 
water is present^^dving off NO, with which some .\ 0 ., is found, 
all the miTre thft less water and the more sul|)huric acid is 
present, besides there is a formation of water and of nitric' 
acid ; all the less, the less water is present. Dilute solutions 
(about 0'5 mol. ll-SO,) appear to be merely sursaturated^ 
solgtions of nitric oxide, whilst in more concentrated solutions 
thc^chemical action of hydrolysis is superposed over the pure 
sursaturatiou. The action of NO on mixtures of UNO,, 11 .,SO, 
and water was studied in detail in a very ingeniously constructed 
apparatus, in which the objectionable use of india-rubber 
connections was avoided by spiral glass springs. 'J'he ab.sorption 
of NO takes place with unmeasurable rapidit}', with or without 
H,,SO,; the results cannot he theoretically' treated according 
to the law of masses, on account of the high concentration and 
the unknown di.s.sociation of the solutions, NO forms with 
HNO.|-f M.,.'sO|, nitro.sosuljihuric acid and NO , ;»lhe 

partial pressure of thedatter increases with an increase of the 
concentration of II.SO, up hi a maximum; ht yery high 
concentrations of the acid (93 per cent.) it has no measurable 
value. At thi.s concentration, besides nitrososulphuric acid, 
also nitrosoilisulphonic acid, NO(IISO,).^, is formed, approxi-^ 
mately in inverse proportion to the concentration ^)f ^'O,,. 
Up to 52 per cent. I DSO, the process is quickly reversible at all, 
temperatures between 32 and .S2 , also in ,55 per cfnt. 
at 82". The conce^tratioikof NO and UNO, quickly decreases 
with rising temperatures ; on the change of the pctcentage of 
H.SO, their concentrations are'changed at a complicated ratio. ' 
An increase of pressure favours the formation of NO,, at the 
expense of NO. SO., acts on nitro.'yrsulphuric aijid also when 
* this is dissolvficf* in 95 per cer*. especially when hot. 

By the addition of w«icr to this solution therJ are formed, 
according to the quantity of the water, H.^SO, and fhe excess 



1016 


THE*'CHAMBER-PROCESS 

'of SO.,, SOjSfNO, NO alone, ‘N 0 + N 0 „ N 0 + N 0 .,+ N., 0 . 
The rcjiction: NO(SO,H)/+ 2N'0.,S0.,H + 2 H ,0 = 3NO + 
4H,,S0!, msy ajso occur in the lead chambens ; most quickly at 
the conditions of temperature and concentration prevailing 
therein. Together with the previous reaction : 2 NO.,, SO,H + 
. 3 S 0 o-K 2 H .,0 = 2 N 0 (SO,H),+ H., 80 „ and this: 21^0 + 0 ,= 
2NO,. Trautz considers it to be more likely to occur than the 
direct reaction or that of the products of hydrolysis of nitro.so- 
sulphuric acid; thjt hydrolysis is not the most productive 
reaction of the system, since it can hardly occur in the Glover 
tower, where most of the sulphuric .acid is produced in another 
way. Raschig’s theory permits of deriving many of the really 
occurring reactions from the least number of properties of the 
substances pre.sent, but his most important reactions have <iot 
yet been proved to occur under the conditions prevailingi in 
the lead chamber. Owing to the immeasurably great velocity 
of the reactions the question is still open which of these play 
the greatest part in the lead chamber; very likely reactions 
still unknown occur there, since the number of the possible 
products of condensation is very great. Some or all of the 
following reactions occur in the chambers 

(1) N() + N 0 ,+ 11 , 0 .- 2 N().() 1 I 
, (2) 2 N ().011 + 2llS().,ll-2N().S()3lI + 2lI.,() 

--=NO(S()3H)., + NC 3 + 2Hp 
t3).NO(S().'. 1 ), + 2N().()H .= 3NO + 2lI,S(>| 

(4) iNO + 0 H- 2 1 - 20NO..SO,,H + fl.,() 

(5) 20N0.S(),,H + 2ll.,0 + N0(S()3H).,-4ll.,S0, + 3N() 

(0 N 0 ,.S().,U 4 -IL 0 =N 0 .,H 4 -tLS 0 ',. 

Oivefs (y. Soc. Chan, hid., 1904, pp. 1178 ci st-q.) tries to 
reconcile the views of Lunge and Raschig, by making them to 
be with some excrescences parts of a more comprehensive 
theory, according to which the production pf sulphuric acid in 
the lead chamber is dq.e to action going on between the liquid 
and nhe gaseous parts of the mist, brought about by the 
momentary intervention of the two catdlytes; nitrososulphonic 
apid and nitrososulphuric. acid, ON.SO3H and ON.O.SOjH. 
The liquid particles of the mist; consisting of strong sulphuric 
acid ..holding'nitrososulphuric acid ini-"solution, continuously 
absorb SC), and oxj gen, which by the c;atalytic action of the 
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nitrososulphuric acid are converted into si^lpliiiric acid as fasj 
as they are absorbed. In the normal working of th# process 
water is taken up in such quantity as .serves to elTv.t incipient 
hydrolysis of the nitrososulphuric acid into its constituent 
acids. Two molecules of St), and one molecule of ()., are 
absorbed simultaneously, for the reason that they find between 
thcm.selvcs the radical of the catalyser, nitrosvl, one moment 
as nitrososulphuric acid, and the ne.\t moment as iiilro.so- 
sulphonic»acid., Or, leaving out all mention of the radical, 
nitro.syl,»^ut remembering that the substance of the same 
formula, nitric oxide, NO, plays no part,the catali'ser is nitroso- 
sulphonic acid and nitrososulphuric acid alternatel)’. 

Raschig, in his first paper of iqo-t, principally defends his 
formerly published views against the objections made against 
thc*n by Divers, lie gives reasons for assiim.ng that free 
sulphurous and nitrous ,icid combine almost e.vclusively in 
molecular projiortions to (orin dihydrox) laininesulphonic acid, 
(HO).,NS().,lI or nitrososulphonic acid, ON.SO.Jl, which comes 
to the same thing. Only a very great excess of .SO., leads to 
the formation of the sccoiltl stage, I ION (.SO., 11 ),., or* the third 
.stage, N(SO,,H).,. lie specially w(.irked at the question how the 
nitro-sosulphonic acid, primarily formed, is decomposed. N/) 
only appears on heating, but there is a formation of nitrox) I, 
'' 0 =N —H, which on, boiling decomposes conqiletely into 
NoO and H,, 0 . Free nitroxyl acts hardly at ifll im nitrous acid 
irr aqueous solution, with or without addition of sul|jfutric acid. 
But the product of condensation between free nitrous acid and 
SOj, which by itself has only a small reaction on furthei 
nitrous acid, behaves quite differently on the addition ol 
sulphuric acid, the reaction then being as strong as in the fead 
chamber. By the action of atmosjjheric oxygen tke nitrous 
acid is at once regenerated^ so that large quantities of SO.^ are 
oxidised. The lead?chamber process i«ay be reprt.septed by the 
following equations;— 

1 . ON.eil + SO.^ = ON.SOj.Oll 
2 . ON.SO,,.OH + ()N.OII - 2i'iO + HO.SO,.y 11 
■ 3. 2N{) + 0 + Hf)- 2 H 0 .N 0 . 

Lunge {Z. angew. C/t&in., 1904, pp. 1659 et rcy.) object.'!, to 
Kaschig’s theory, HhaP it ‘involves the formation of large 
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quantities of nitrogem protoxide, N, 0 , in the lead chamber, 
^hich notoriously 'does not take place. Raschig, he says, 
discourses On h;s a.ssumed nitro.sosulphonic acid and in many 
other compounds never met with in a lead chamber, but he 
entirely omits to mention two compounds, found in large 
quantities in the chambers, viz., nitrogen peroxide, NO.^, and 
nitro.sosulphuric ,acid, 0 N().S 0,„01 i, which, if Raschig's theory 
were right, would do great damage by locking up nitrogen in a 
useless form. Raschig’s principal error is that he neglects the 
very fir.st [lostulate of the law of the action of masses„viz., the 
action which the presence of an enormous amount of free 
oxygen must have in the action of SO., on nitrous acid. This 
exce.ss of o.xygcn prevents even the temporary formation of 
nitrososulphonic acid, in lieu of which nitro.sosulphuric acid is 
formed, Ra.schig’s third equation : 2NO-hO-|- 11.,0 = 2H0.f'(0 
is wrong, for NO with oxygen in excess and water is quanti¬ 
tatively transformed into UNO,,, as everybody knows. Only in 
the presence of and in direct contact with sufficient concentrated 
sulphuric acid the oxidation of NO does not proceed beyond 
the nitroso state, but no free nitrous, acitl, only nitrososulphuric 
acid is always formed, and that quantitatively. 

Kngler and Weissberg," Kriti.sche Studien iiherdie Vorgiinge 
bei der Autoxydation," 1904, pp. 157 r/.voy., declare nitric oxide 
to be an “ autoxydi.ser,” bringing about the action of the lead 
chambers coi^urrently in two ways, viz.:— 

(//) Directly by itself: 

. NitriiHosiiljiluii'ic aci'l 

2N() + 0 xN._,(),; N,D, + Sf),,H., >0N . OSO3II s-ON. OH 

N'ltruus acid 

(/') Indi-'ectly, in presence of a fine spray of sulphuric acid ; 

, 2n6 + 2SO,I I., + 0 ., 2ON . OSO3H + H.,O.C H,,SO,, + 11 ,,SO., -t- HjO. 

In both cases half of the oxygen taken up is given up to the 
“ acceptor,” siilphurous acid, according to ,the general scheme 
for such hrfif-w'ay conjbinations of molecular oxygen : 

(a) Directly: 


Aiitoxydisor IVroxidc Accftjftor 


A +0._,^ 

AOo 

+ B -> 

AO -t- 

ISO 


‘Xitrocoi. 

^•eroxfio 

.SulpliurouB 

N'i’rotw 

N'ltroaoeulpborlo 

oxide 

acid 

acii) 

acid 

(i) flndircctly: 





Ilydro^rfU -> 

Hydrogen 

Sulphurous 

Nilrosoflul* 

Sulphutlc 

i 

peroxide 

* acid’* 

phurio acid 

acid. 
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The action in the ci>ainbl‘is is rendereil continuous by the 
specific property of nitrosoMilphuVic acid, tlxit is, of nitrous acid, 
at the conditions ruling in the chambers, to cause the V'-forma- 
tion of the auto.\)diser, nitric oxide. Tlu' nitrogen peroxide 
formed at tlie same time is at the same time deemnposed ;ind 
deoxydised. The views of Kngler and W'ei.s.sherg, as the.v 
state, on the whole agree with that of 1 amge, according to which 
nitrous acid, in the shape of nitrososulphiiric acid, plays the 
part of catalc-^er and oxygen-carrier, hut this i.s only a 
consecjucftce of the s|M;cial conditions offered in the lead 
chambers, where an energetic auloxydiser, \( ), together with 
an excess of oxj'gen, acts on a ravenous acceptor, sulpliurous 
acid, forming a compound which, under tliese circumstances, is 
stable, viz., nitrous acid in the form of nitroso.suliihuric acid. 

» The next paper is again bj- Raschig {X. nz/ecie. ( 1904, ' 

1777). He does not believe that nilrososulpliuric acid occurs 
in large quantities in tile lead chambers, and tliat it is at all 
necessary for the formation of sulphuric acid and a necessary 
intermediate product. .At most he takes it to be a constantly 
occurring by-product. 11^- misses a proof for the assertion that 
the chamber-acid, which contains up to 0 03 per cent. ^I.,0.,, holds 
this in the shape of nitrososulphiiric acid, and is not merely a 
simple solution of N., 0 .| in sulphuric acid. 'I'hc occurrence of 
NHjin the chambers he takes to be exclusively explicable l>y his 
own theory on the formation of nitrososul|)honic acid, which he 
holds to be certain, although that acid has not yet been obtained 
in the free state. He believes in the formation of real N./).; 
from NO, whereas Lunge assumes in the cliainbcrs only a 
mechanical mixture of NO and .\ 0 ,„ behaving like N./)., against, 
alkaline and acid ceagents. As proof for his oiihiioijs he 
quotes experiments in which NO was mixed with an excess <>f 
atmospheric air and the gases were, at once passed through 
decinormal soda-qplutiont which was at once^ retitrated and 
oxidised by KMnO^. A few seconf 7 s after mixiifg the gases 
the mixture contained nothing but N., 0 .,; twenty-five minutes* 
later, almost exclusively NO.^. Hence NO is, by an excess of 
oxygen, instantaneously oxidised In N/).„ anij this is only 
slowly further oxidised to NO^. Further experiment with !iis 
“lead chambef in a tflsnbler” corroborated that*at first,pure 
NjOj is formed, only,later on mixtures with HNO.,*but never. 
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beyond the psoportion i : i. Under the conditions of the lead 
chamber the only,.adtifissibh equation is; 2N0 + 0 = N203; 
NO and^T^jP-j are the only nitrogen oxides normally occurring 
in the chambedi. Only near the end of the chamber system, 
where the reactions have slackened down and only a few drops 
of dilute sulphuric acid are forn.ed, ultimately a small quantity 
of NO^ rs found, a sign of “the weakness of old age.” 

Lunge, in his reply {Z. nuge^v. Ckem., 1905, pp. 60 ei seq.), 
refers to the valuable paper of Trautz (cf supn), p. 1014), in which 
nitrososulphuric acid plays a princip;d par,, tin? entirely 
■hypothetical nitrososnlphonic acid being set aside, 'iiven in 
Ra.schig’s “ lead-chamber in the tumbler ” there is absolutely no 
proof for as much a transient formation of nitro.sosulphonic acid, 
let alone a proof for such a formation under lcad-chaml>er 
conditions. The reduction of nitrites by sulphites to NIIj is^n 
old-established reaction in the manufacture of caustic soda, and 
therefore the occasional occurrence of traces of Nll^in a lead 
chamber cannot have the importance attributed to it by Raschig, 
for if that chemist's theory were true, Nll^must be found in 
large quantities in the chambers, as the final product of his chain 
of reactiohs'.’ The absence of N .,0 in the chambers also 
militates against Raschig’s theory. Concerning the nitroso¬ 
sulphuric acid, who.se presence in the chambers is denied by 
Raschig, Lunge gives figures from which it is seen that in the 
chamber to which his analysis refers, the acid contained 0-24 
per cent, of idtrososulphuric acid, and the total acid of that 
chamber contained 2900 kg. of that compound. Lunge has for 
some time past withdrawn the opinion that sensible quantities 
of free N.p., are present in the chambers. Raschig’s last 
experiments are vitiated by his employing dilute caustic-soda 
solution as an absorbent for the gases; that dilute solution acts 
e.ssentially like water and exhibits the well-known irregularities 
in the absorption of nitrogen oxides^ Raschig’s assertion that 
only half of the NO passes over into UNO.,, is vitiated by his 
■employing such a large excess of water, and altogether he nearly 
always worked under conditions entirely, different from those of 
the chambers. The formation of minute traces of free NjO, in 
the chambers is quite possible,ibut that is very "different from 
Raschig’s as.'^rtion that is thq only product formed. 

Rasririg’s opinion that atmospheric oxygen, in consequence of 
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the dilution with iiitrogen, behaves quite difTerently against NO* 
from pure oxygen, is refuted by experiments made by Lungij 
with Ilerl. *, 

The next paper of Rascliig’s (Z. rr/zw-ere, Chetn., I9v,5,pp. 1281 
r*/j-tY) is summed up by himself as follows, (i) I^itric ox^de, 
when meeting oxygen, is quicldy converted into nitrogen 
trioxidc, X.iOj, and this i.s slowly further oxidi.sed into nitrogen 
dioxide, NO.,' or ,N., 0 ^. The times occupied by these two 
reactions are incite proportion of i ; too. [Raschig admits, on 
p. 129S, that thi.s'contcntion involves the invalidit)- of zXvog.idro’s 
law, ancftie i.s bold enough to say that that law must be con¬ 
sidered as being annihilated b\' his investigations. We must 
draw attention to the fact, that consequently tho.se who assent 
to lla.schig's views are thereby equally forced to deny the truth 
of•.'Xvogadro's law, which hitherto has been universally con- , 
sidered as one of the fundamental laws of modern chemistry !] 
(2) In the atmosphere of the lead chambers it takes three 
seconds to oxidise NO to or four minutes to carry on the 
•oxidation as far,as NO,,. .Since it is unlikely that in'the lead 
chambers molecules of N.^)., and St),, meet so rarely that the 
former have time to oxidise into X<).., it is ncccssai’y'to assume 
that N.,03 is that oxide of nitrogen which reacts with SO.^ in 
the lead chamber. (3) The same conclusion is reached when 
observing the behaviour of NjO, and N;,0^ to SO.^ in,the 
presence of water. N* 0 , docs not act at all on SO.,, but is 
dis.solved as a mixture of HXO;, and IINO.^, of rthich only the 
latter reacts with SO.. X/) ,, however, combines directly wi^h 
SO.,. Hence i mol, N.^ 0 , converts more SO„ into 1 I.,S 0 ^ than 
I mol. N..O4. (4) N.A, or nitrous gases of similar composition 

are quickly and without .causing errors dis.solved by strong 
sulphuric acid, the analysis of which allows of ascertaining theij 
composition. Caustic-soda solution doc.s not so eassily ab.sorb 
NjO,„ nor does watgr, andon entering into solution’it doe.s not 
form pure nitrite, but is partly split *ip into N (5 and NO.^, the 
former escaping unabsorbed hnd the fatter dissolving to a • 
molecular mixture of niitritc and nitrate. The error thus 
caused in analysing in the case of ppre N.O,, amounts to 15 to 
20 per cent.; ’iif the presence «f indifferent gases it is orfly 
S per cent. (5^ N^O, or nitrous gases ot a similat composition 
dissolve easily and smoothly in caustic-soda solution,'formuig a 
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molecular mi:fture of ^lijrite and nitrate, and can be accurately 
unalysed in this vvtiy. In sfilphunc acid N, 0 , dissolves with 
difficult;/ and with loss of some oxygen. (6) The compound 
formed on‘'dissolving N.^O., in sulphuric acid, known of old as 
“chamber-rrystals,” has not the constitution of nitrososulphuric 
,aci([, 0 ,= N — 0 —SO., —OH, but i' is nitro,sulphonic acid, 

O 

TN .stX. - OH, 

O'' 

C 

in which the sulphur is tied to nitrogen. (7) In thc»siction of 
reducing agents on nitrosulphonic acid an atom of hydrogen is 
taken up, and it is converted into nitrosisulphonic acid. 


0 N 


-OH 

SO,-OH. 




This acid is soluble in concentrated sulphuric acid with a fine 
blue colour ; in weaker sulphuric acids it produces only a slight 
red colour which on addition of a few drops of cupric sulphate 
solutions changes into vivid purple. Nitrosisulphonic acid is very 
easily split up into NO and ILSO^. ^Thc estimation of nitrogen 
in Lunge’s nitrometer is based on the formation and decomposi¬ 
tion of this compound. [The formula given to this “nitrosi- 
.snlphonic aciil ” involves the a.ssumption of quadrivalent 
nitnogen !—G. I,.] (8) Nitrosisulphonic acid forms with copper 
and iron salt like com|)ound.s of somewhat greater stability. 
Differing froin the free acid, these, compounds do not split off 
any NO when shaken with strong sidphuric acid. Hence the 
nitrogen of substances containing copper and iron cannot be 
, estimated by means of the nitrometer. (9) Nitrosisulphonic acid 
is also formed when SO., meets with nitiosulphonic acid, but 
-only when this has been previousl)' split up into nitrous acid 
and sulplnlric acid. It is, therefore, not formed by a reduction 
of nitrosulphonic acid, but by the fact that the nitroSO-sulphonic 
acid, ON-SO.,!!, previously formed from a molecule of nitrous 
* acid and a molecule of sulphurous acid, is immediately trans¬ 
formed with a .second molecule of sulphuric acid into nitric, 
oxide and nitrosi-sulphonic acid. (10) Exactly in the same 
way nitrosulphonic acid in the'ulover tower yields first nitrous 
acid then nrtro.so- and nitposi-sulphafic acid, hnd ultimately 
nitric oxfde and sulphuric acid. The nitric oxide is again 
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oxidised into nitrous acid, which again jombines with sulphurous 
acid, and as final products a'gain yield nitric o^vidc and 
sulphuric acid, and so I'orlh. (l l) The same circle of reactions 
is continued in the lead chambers, both the chamber-process 
and the formation of sulphuric acid in the Glovar tower* arc 
expressed by the equations : 

1. ON.Oll+S()., ON.SO,.(111. 

2. ON.S*),,.OII+ON.()n NO + 0\ ^1'/ 

• • (-Oil 

■■ so.. OH . NOh II SO,. 

2No + 0)-n.o 20N' 0)11. 

The first of the.se reactions is revitrsible. If it has taken |)lace, 
tire .second follows inimediateh'. The third gees on all the' 
more quickly, the higher the temperature ; it may entirely cease 
during disturbances in the chamber-process, especially when the 
reactions i and 2 are continued up to the cool (iay-Lussac 
tower; in tliat case the acid flowing from that tower shows a 
pink colour. The fourtjj reaction at ordinary ^temperatures 
requires three seconds for its completion ; at the higher 
temperature of the chambers probably even less. (12) This 
whole theory Kaschig claims to be essentially the same as that 
which he pronounced in 1.SS7 and again affirmral in 1904. "Only 
his former .second eqifation, which he himself in 1904 admitted 
to be somewhat uncertain, is now separated into* two e(|uations, 
Nos. 2 and 3, each of which he claims to have proved as correct. 
In the 42)t(/ Kcpovl on .llkali Works, for 1905, |). 19, where 
Raschig’s paper is mentioned, it is stated that in Great britaitj 
experience has abtmdantly proved that it is practically im¬ 
possible to avoid di.sorganisation of the chamber-process when 
working with a notable excess of SO^ in the lasit chamber; 
it is most difficultjio confrol the amount of sucji excess within 
the limits desired, and escapes from tjie exit oC the process 
beyond those prescribed by tfie statute are then most liable tef 
occur. The aim of mdst acid-makers of experience has been to 
reduce such excess of SO., to a minimum consistently with 
preserving the Tead work of thR b^ck chambers from attack by 
nitric acid, v^hich is a reaction produtt under'conditiqns of 
absence of SOj. , 
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The preceding publication of Rascliig’s caused Lunge, this 
time in conjunction..witli Beri, to take up that subject again. 
The results pf their work in that held are contained in the Z. 
angew. Che.n., 1906, pp. 807 to 819, 857 to 869, and 881 to 894. 
In ,the first, instance they made an extensive experimental 
ij(}vestigation of the behaviour of the nitrogen oxides, in order 
to ascertain whether Ra.schig’s objections to Lunge’s analytical 
methods for these oxides are well founded or not, Liquid 
nitrogen peroxide was prepared in a state of complete purity, 
and in specially constructed apparatus brought into contact, 
both with concentrated sulphuric acid and, on the other hand, 
with decinormal caustic-.soda solution. Their numerous and 
most careful experiments were in complete accordance with 
Lunge’s former statements; both liquid and gaseous nitrogen 
peroxide, diluted with air or o.xygen, give absolutely correct 
analytical results by absorption in sulphuric acid and testing 
that ,solution for total nitrogen in the nitrometer, and for the 
degree of oxidation by potassium permanganate, if the amount 
of water present with the N,X),, is taken into consideration. In 
op|)osition to Ra.schig’s contention on the slow rate of absorp¬ 
tion of N,/)| in concentrated sulphuric acid, which was founded 
on partly objectionable experiments, they found the velocity 
of absorption to be immeasurably great. In making these 
exporiments they had to construct special apparatus, in order 
to assure the absence of an)’ errors. They also point out various 
important ..somces of error in Raschig’s way of proceeding. 
Most distinctly they refute Raschig’s assertion concerning the 
splitting off of oxygen by the action of sulphuric acid on 
nitrogen peroxide, which, he asserted, mu.st lead to the forma¬ 
tion <,)f free nitrogen and nitrous oxide, both of them valueless, 
ki .sensible quantities; thereby also Raschig’s conclusions on 
the technical part of the absorption of nitrous gases are .shown 
to be worthfess. 

Lunge said Berl then proceed to di,scus.s the formation of 
nitrogen trioxide, N.p,,, and its existence in the gaseous state. 
They point out how monstrous is Raschig’s attempt at bru.shing 
away the physical proofs fpr the splitting up of NjO, into NO 
arid NO, on vaporisation, and,.his maintaining the formation 
of N,.,03 front NO and 0 by the bo/d words. “Avogadro’s 
hypothesis' is, therefore, false.” That means denying one of thC 
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fundamental laws of phjsics *nd chemistry, which involves alscJ 
a denial of the kinetic theory of gaSes ;wk 1 of the moderu 
theories on dissociation, and is absolutely irreconcilable with 
the work of so many investigators in that fielJ.. Such a 
monstrous assumption is all the less excusable, as^Lunge jnd 
llerl have also destroyed Kaschig’s arguments founded on 
erroneous analytical methods. V\'e mu.st refer the reader for 
details to the original paper, and we now give only the final 
conclusions proved by Lunge and Hcrl’s work. 

(1) LRjuid ititrogen peroxide, as well as the mixture of N'O,, 
and nW, formed on its vaporisation, are quite accurately 
analysed by absorption in concentrated sulphuric acid by means 
of an efficient apparatus, al.so when they are diluted with large 
quantities of air or pure oxygen or pure nitrogen. 'I'lie pro¬ 
portion of oxygen to nitrogen found in the absorbing-acid is i 
exactly that whiclt follows from a sjilitting up of nitrogen 
peroxide in the sulphuric ,icid intoc(|ual molecules of a nitroso- 
compound (.SO..XH) and a nitro-compound ( 1 IXOJ. Kaschig’s 
results, which are in contradiction with this, mu.st needs be 
erroncou.s. 

(2) Dilute caustic-soda solution gives csjually cdrfect results 
for nitrogen peroxide, when this is brought into cont.ict with if 
either in the litpiid state or as a vapour, diluted with an inert 
gas (nitrogen). This holds good both of the total absor|*tion 
and of the proportion between nitrite and nitrate. If, however, 
gaseous nitrogen peroxide is mixed with o.x/gen or atmo¬ 
spheric air, the nitrite, in the moment of its formation, is partiaMy 
oxidised into nitrate, thus increasing the (ju.uitity of the latter. 
Such mixtures, therefore, must not be analy.sed by absorjrtion 
in dilute soda-solutign, as Ka.schig’s has attempted to do. This 
rapid actioi\ of free oxygen on sodium nitrite at the nwnicnt oj^ 
its formation, while that action on finished soflium nitrite is very 
slow, constitutes a new faej of considerable importance in .some 
technical questions. 

(3) Gaseous mixtures containing, bcsfcles nitrogen peroxide,* 
also nitric oxide, up toihe molecular proportion NO-I-NO,,, on 
absorption in conoentrated sulphuric acid also give correct 
results. ProbaWy in the firsts instance the peroxide foritis 
nitrososulphuric acid and nitric arifi; but the latter is instan¬ 
taneously reduced to nitfososulphuric acid by the NO, so ihat 
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there is no los!; of nitrogen compounds; and a’ mixture of equal 
uiolccuks of NO and NO., ha.; the'same action as if N„ 0 .j were 
present |f more NO is prc.sent titan in the ratio of i mol. 
•NO to 1 irtol. -NO.,, that excess must e.scape unabsorbed. 

-(4) Mi.vtures of tlie kind mentioned in .No. 3 must not be 
■•’italysed by absorption in dilute caustic-.soda solution, as in this 
case the total absorption is incomplete, and moreover the pro¬ 
portion between nitrite and nitrate is wrongly turned to the 
increase of the latter. The reason of these faults is this. At the 
fir.st moment the soda solution, like the sulphuric acid.^dissolves 
the nitrogen peroxide with formation of nitrate and nitrite, but 
the reducing-action of the equally present NO on the NaNO., is 
much too slow even at the moment of formation, and therefore 
much NO thus e.scapes absorption. Hence in this case (and 
doubtless in many others) a mixture of equal molecules of NO 
and NO., docs not act like N., 0 .,, 

(5) The lo.sses observed by Raschig on thq absorption of 
nitrogen peroxide by concentrated sulphuric acid, and ascribed 
by him to a splitting-up into N.d) or N and ozone, and to the 
comparatively slow rate of solution of the nitrogen peroxide in the 
acid, do not take place in the case of proper manipulation. The 
absorption is, in fact, quantitative; the apparent loss (which 
could be reduced to 3 per cent.) was experimentally proved to 
be due to the attraction of moisture by the liquid peroxide on 
weighing it out. Contrary to Raschig’s assertion, the velocity 
of absorption of the nitrogen peroxide is extremely great, not 
merely in sulphuric acid of full concentration, but also in 
So per cent. acid. 

(6) The u.se of india-rubber for .stoppers or joints, unless 
these are specially protected, in the prese.ice of nitrous gases 
'causes considerable errors in analy.se.s, and any tests made with 
apparatus of this khid are unreliable. This does not apply to 
nitric oxide in such cases where no oxygen gets mixed with 
it (which of course produces higher oxides of nitrogen). 

(7) If NO is brought into contact with an excess of air and 
water, there is, contrary to Raschig’s Assertion, a formation of 
nitric acid, ei'en when the mixture is immediately shaken up, 
over and above the amount pfoduced when dissolving, NOj in 
water, and 'this is especially owing to the oxidation of the 
aqueous solution of nitrous acid by atmospheric oxygen. The 



THEOUY 


1027 


action of water assumed by kaschig, which is from the outset 
most unlikely and is called by him “mofl remarkable,” and 
which, as he thought he had found, consists in dissolviwg from 
a mixture of \0.^ and only the former, has no existence. 

(8) The oxidation of .VO leads dircctl}' to iieroxile, wn'tlikuit 
going through the intermediate stage of N,. 0 ,,. Tlie break ip 
the reaction-curve assumed by Kaschig to take place at the 
point when NO has passed very quickly into N., 0 .,, wlpch after 
that poiiU passes, as he .states, much more slowly over into 
N..O^, cju be deduced neither from his experiments nor from 
Lunge and Herl's. On the contrary, in all cases, both when 
working with pure oxj'gen and with atmosjiheric air, a steady 
curve is found, just as must be expected from the kinetics of 
reaction in case of a simple time reaction: 2N’0 + (N./),. 
It %as unmistakably proverl that tliis reaction does not go on 
imstantaneously, but reipiires a certain time during which, 
besides molecules of N .t ),, NO,, jinii ox_\'gen in excess, tlierc is 
always some NO present. The reaction: 2NO+ 0 .,s-NLO, 
(2NO.,) is a trimolccular one. 

(9) The arguments giv^n sub .Vo. <S have absolutel)' disproved 

Kaschig’s ;irgumentation for the initial formation of N./)., from 
NO and 0 (whether pure or mixed with N). Since, as admitted 
by himself, there is no other “chemical ” proof ptassible (or the 
existence of gaseous N., 0 ,|, and since all former work founded 
on physical ob.scrvatioVis leads to admitting the existence of 
gaseous N./)., at ordinary .temperatures only *to a minimal 
extent, and not all above 50 , there exists no possibility .of 
assuming the pre.sence of gaseous N„ 0 , in the atmosphere of 
the lead-chamber, and of basing llu.reon any theories of the, 
chamber process. • , 

(10) B>’'the proof that Ra.schig's arguments for the existenct 
of sensible quantities of N., 0 .| in the gaseous state are'unfounded, 
also his attack on Avogadro’s law has-been rebutted. 

(11) Raschig’s assertion that the chapiber crystTils, SO,|NT 1 , 
are to be considered as nitrosulphonic acid, not as nitroso-* 
sulphuric acid, cannot be submitted to any proof for the solid 
crystals; but for this .solution in sulphuric acid ip any case the 
“nitroso" formula mu.st be reg.frde^i as the right one, 

((2) l\asch*ig's theory^of the Icad-chaftiber proAss^developed 
in his publicatioivs ofj88§, 1904, and ipoj^is untenable, fifstiy. 
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because it entirely ignores the formation of nitrososulphuric 
Scicl, whicli takes pface everywhere and necessarily ; secondly, 
because as' an essential intermediate "link” it introduces a 
compound never up to this moment produced even in traces, 
viz,*: his “ ititrososulphonic acid,” by which assumption not the 
slightest advantage is gained ; diirdly, because an inevitable 
conscciuenco of his tlieory would be the formation of considerable 
(luantitiofi of nitrogen protoxide, hydroxylainine and ammonia 
in the vitriol chambers, which certainly does not take place; 
fourthly, because his theory demands a continuous tonation 
and action of nitrous acid which cannot be found in the atmo¬ 
sphere of the chambers' either as such or in the form of the' 
anhydride, nitrogen trioxide. 

Under all circumstances the assumption of the hyjJo- 
thetical nitrososulphonic acid is absolutely superfluous, siilce 
sulphonitronic acid (c/ No. 14) is formed directly from SO,„ 
NO.,, and 11 ,/). 

(1.5) Nitrososulphuric acid acts as oxygen carrier, which 
fact is most easily proved in the nitrometer, but mu.st naturally 
be applied tq other cases as well, and' coines out in the series of 
reactions enumerated sub No. 15. 

(14) Tire blue compound SO-NII.^, already brought in by 
Trautz, which has been quoted ,v«/'/vr as “ sulphonitronic acid,” 
and 'which has been assumed also by Raschig in liis newest 
paper (under the name of “ nitrosisulphonic acid ”) to act as an 
intermediate link between his hypothetical nitrososulphonic 
acki and sulphuric acid, is actually formed, although only 
transiently, on the action of nitrogen peroxide or of nitrous 
acid on sulphurous acid, and also on the reduction of nitroso¬ 
sulphuric acid. It most easily passes over’into the last-men- 
ttoned acid, either by the action of free oxygen or by oxidation 
by means of.NOo with a splitting-off of NO. Nitrososulphuric 
acid, on its pai;t, afterwands either passes over by hydrolysis 
, into sulphuric acid anfl nitrous acid (which, however, cannot 
exist for a moment in the atmosphere of the chamber, where 
it is, instantaneously split up into IT.jO, NO, and NOj), or else, 
as,in the Glover tower, it veacts with SO.,, forming sulphuric 
acid and agaiq sulphonitronif acid, which, as above mentioned, 
is oxidised,by'frec oxygen or‘by NO* 'The NO formed from 
the latter is of course again changed into NO, by the atrao- 
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spheric oxygen. Ilc^ides thi.s, may al.s<j occur the .splitting-.ip of 
sulphonitronic acid into NO and H.^SO,, wliich takc.s,place irt 
the nitrometer, and which in Rascliig'.s last paper is also assumed 
to take place in the lead-chambers, 

(15) h’rom the points enumerated we must infcr that 4 hc 
theory of the Icad-chambcr proce.ss, pronounced by Lunpe i'. 
1885, retains its validity in all essential respects, but that the 
equation: eSO-l-NO-f NO.,-f(>.,-f H.,()--.’.SO-.N 11 , the left side 
of which shows* too man)’ molecules .as reacting upon one 
another^ ^!iould*be replaced b)- simpler eipiations through the 
introduction of the formation of sulphonitronic acid 

as intermediate link. This morlified tlu oi)- is represented by 
the following cajuations: — 

• Oil 

I. SO._, + NO, + II,,() (I X (III suliilioiiitroni" aeul. 


2' 0 N 

SO,. OH O nilicisiil|ilu)iuc 

soon SO,. Oil acid n,o 

= ^ O H ; ■ 

'' * * Oil 

* :?S(). ^ ^ nitrosdsiil^illinif .u’id. 


2''. 2S(),NII.+-X0., 

3 - 


.'SO.X'll I NO (. 11.0. 
2S()T^J|[[ I NOt-NO,,. 


3‘. 2SO,NH + .SO,,-t-2n,() IL.SO, t 2S0>'IL 
3P S0..,NH., ■ NO+11.,SO,. 

4. 2NO + O,, - NoO,. 


Reactions 1, 2“, and 2'' thus show the formation, first of 
sulphonitronic (nitrosisulphonic) acid and then that of nitroso- 
sulphuric acM. Reactions 2“ and 2''go on simultaneously and* 
parallel, according to whether free oxygen or NO.,, prevail in 
a certain place in •the g;Acous mixture. In tjie .same way 
3“ and 3* go on parallel, viz., 3" therg where there is an 
excess of water, 3'’ there where there is less water and more 
SOj. 3*’ then pas.ses on to 3', except where the reactions 
2’ and 2'' have taken place; this latter case must* be regarded 
as the prevalent one in the chiftnbgrs, where O and NO^ are 
everywhere present as well. Hence all the’reactions’enjimerated 
Sub No. 3 lead to tlje formation of sulphuric geid. 
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In order to facilitate undersianding these reactions, we 
jhall now give them, not' in st'uctural.but in'simple formulae;— 

■ t. SO,, + NO.+ 11,0 - SO 5 NII., 

' 2 . 2 K(j.NH,, + () ' , H/) + 2 ’so.N 1 I 

,V‘ 2S0'>'H+H,,0 2H.S0, + N0 + N0, 

3 ‘ 2S0,|nH+S(’),, + 2H.,0 ■ 1I.,S0, + 2S0,NH, 

S(),NH., NO+11,SO, 

2 N( ) + (')., N,(),. 

\Vc here interpose a short notice of a contfover.sy between 
M, Neumann and the author of tliis treatise, the papers deferring 
to wliich appeared shortlv' after I.unge and lierl’s communica¬ 
tion, (jf which we liave given an abstract in tin; preceding pages, 
1024 iV .(,■(/. These pa|)er.s are by Neumann (Z. C /wiii., 

[906, pp. 1702 to 170S); Lunge (//)/(/., pp. 1931 to 1933)1 
Neumann (//’/(/., 1907, pp. 26.) to 2(17); Lunge {ih'i/., p|). 2C7 to 
268). In his first |)aper Neumann pronounces his essential agree¬ 
ment with Lunge’s theory of the lead-chamber process in its 
former shape, which lie assumes to have been quite materially 
changed in the paper by Lunge and Herl, .ui/'i't}; Lunge's reply 
shows that this assumption is unfounded, and that the other 
objections made to various statements of Lunge's arc equally 
•groundless. In his second paper Neumann upholds his views, 
and Lunge finally replies in the last of the above-mentioned 
papers. We cannot here find space to go into particulars on 
this c')ntrovetsy,'by which the subject in (piestion has not 
received any material further elucidation. We only mention 
that Neumann has taken out a (.ier. 1 ’. 109729, in which he 
tries to combine the " reaction-towers," proposed by Lunge (tnde 
supra, p. 657), with other towers in which, the reactions of the 
,Glover-tower are to be further extended. We must confine 
ourselves to this short notice, as we cannot find out whether 
Neumann’s system has been an\’whe,-'e tried on a working scale; 
none of the practical men'we have enquired from knew anything 
■ about it. 

Remarks and discu.ssions on the -.nodern processes here 
treated by Efban and by Feigensohn in Chem. Zdt., 1906, No. 
7*1,and Oi'sUrr. C/iriu. Zei/., 1906, pp, 238 and 27/, afford no new 
infqrination Gn this subject., 

'.-\ loiig paper b)- Littmann (Z. iiugciu. Chau., 1906, pp. 
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II77_to 1188) describes nurtfcrous observations he had made* 
with lead-chambers diiriiit' actual wurf:, which (as he himsclj 
admits) offer very little novelty to those conversant S-ith this 
subject. In this place we need only mention that 1*0 finds all 
over a formation of nitro.sosulphnric acid ; Init he co^isidcrs that 
formation, if taking place at an exce.ssive rale, to be ratlier 
injurious to the chamber-process than otherwise, apart (rom 
damage done to the lead. Ho lays great stress on dividing the 
gases equally, sc» that the atmosphere of the chamber becomes 
all over fliargefl with nitrons gases, and on introducing the 
gases f?om the top. The part played by the aeid l)'ing at the 
chamber-bottom is also important, as it denitrates the descend¬ 
ing nitrososnipluiric acid and reintroduces the nitrons gases into 
tllQ atmosphere of the chamber. 

,Lc Hlanc {X. FJi'k/rik/inii., ipoC, pp. 5.41 li .nv/.) found that 
caustic-soda .solution freciuently yields faulty results In the 
analysis of nitrous gases, more nitrate being found in the 
proportion to the nitrite than is actually present. He prefers 
absorbing the gases, with due agitation, in strong sulphuric acid 
and analysing by Lunge's methods. Most dl.stinclly he found 
that N./),. is formeil only m minute ipiantitics and'temporarily. 

Nernst {ihul., p. 54.^) confirms that alkaline solutions do not 
instantaneousi)' absorb NO.,. I.e Hlanc shows that on mixing 
NO and N().„ an eipiilibrium ; N'O-fNO^-'N.fL takes pjace, 
.which at ordinarv and higher temperatures is so far shifted to 
the left side of that fopnula, that no sensible qimutities of N., 0 ,, 
can be found by estimating the vapour jiressure. Only at 
much lower temperatures, considerably below the liquefying 
point of nitrogen peroxide, N.,f.L is stable. The above equili¬ 
brium NO-t-.\Oy_^7^'.,(),, although containing extremely little’ 
'NjOj, chemically behaves like N.,(), [which is prcci.scly the*conj 
tention of Lunge throughout the whole of Jiese controversies]. 

The controversy between Ka.schig on one side‘and Lunge 
and Berl on the other was continued by RaiMrig in a long 
paper, Z. angne. Cltnit., 1907, pp. to 722. Kroin hi,s. 
experiments he infers the existence of various hitherto unknown 
nitrogen oxides: iso-nitrogon-tetroxide (oxy-nitrogen-trioxide), 
iso-nitrogen-peiftoxide, nitrogen hexoxyde (trioxynitrogftn 
trioxide), nitrogen heptp.xyde, nitro|;en-iso-dioxid(J, about which 
we must refer to the original, since no other chemisPup to^this 
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"^time has observed these substan'ces, and the- part they would 
(Play in the chamber-pfocesa, if they really existed, is quite 
uncertain. , Raschig again upholds his denial of the truth of the 
law of Avogadro. He further discusses the question of the 
formation ,of nitrosulphonic acid ( = nitrososulphuric acid), 
which he maintains to be impossible in the chambers, so that 
that compound cannot play the action of catalyser in the chamber- 
process. On the contrary he believes it to be injurious in that 
proccs.s, in accordance with I.ittmann 1031), and he 

again maintains his theory of the action of nitrous acid as the 
tcatalyser in the chamber process. He also tries to meet some 
special objections made to his statements by Lunge and Perl. 

(,'ansed by Raschig’s just-quoted publication. Lunge and 
Berl {Z. Chem., 1907, p. 794; pp. 1713 to 1722) repeated, 

with the greatest possible care and every imaginable precaution 
against errors, their work in that field, more especially on the 
analytical methods for estimating the various oxides of nitrogen. 
Raschig had so far agreed with them that for the analysis of 
compounds, having the empirical composition of N.,0., (whether 
this be present as such, or as a mixture of equal molecules of 
NO and NO.,) in the presence of oxygen, concentrated sulphuric 
acid is the proper absorbent, whereas caustic-.soda solution 
gives erroneous results; but for the estimation of nitrogen 
peroxide in the presence of oxygen, Ra.schig holds to soda 
solution as the only proper absorbent, because, as he maintains,- 
with sttlphuriciicid the absorption i.s not complete and there are 
losses by the splitting-off of N.,(), N.„ and ozone, and other 
sources of error. In order to decide that (lucstion. Lunge and 
Berl carried out a number of experiments with the utmost care, 
and by sneans of specially constructed apparatus. To begin 
jivith, they prepared absolutely pure and dry nitrog*!! peroxide 
and submitted this to the various analytical processes, with t|ae 
result that fheir former results were entirely corroborated, and 
Raschig’s csntdntions were proved to be wrong. Another series 
-of most carefully conducted experiments proved beyond 
contradiction that the action of oxygen on NO le.ads directly to 
the formation of nitrogen peroxide, the curve taking a completely 
coVitinuous cour.se, decisively excluding the assumption of any 
intermediary,! formation of nitrogen ttioxide. Lastly, they 
repeated their experimental investigation of the reactions in the 
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lead-chambers, and they found, when ^working witli porfecteu 
apparatus and the utmost possible care, tluft the equ;y[ions b^ 
which they had represented tlie cliamber-process .'n their last 
paper («///vi, p. 1029) were not merely eonfirmeif as taking 
place, but it was moreover proved tliat they on almost 
quantitativelv ; thus once more proving that the fonnetion .e.' 
nitrososulphiiric acid and its decomposition, with the inter¬ 
mediate stage of sulphunitronic acid, play the principal part in 
the chamber reactions. 

To Jliis paper Kaschig madi- a sliort re|)l_v {/A/./., p, iXo')), 
in which he asserts that l.unge and Berl had not entered u|jon 
his principal contentions, and he entirelv maintained all his 
assertions concerning the proce.sses going on in the lead- 
chambers. 

•A final rcpl)' to kaschig was made by Lunge and Herl [ihiil., 
pp. 2074 (■/ si'ij.). They refute Raschig's accusations as to their 
having neglected to enter upon man\ of his contentions, .and 
prove that ids accusations arc in every single ca.se entirely 
unfounded. In their opinion nothing more can be attained by 
mere quarrels, and a continuation of the discnssio,n is useless 
before fresh work in that field has been done, ])referably by an 
impartial third part)'. 

kaschig has not made any repl)' to the above during th 
years elapsed since that controver.s)’, and we have now*th' 
right to say that the question of the reactions, in the chamber 
stands there where Lilnge antl Berl left It; es|x;cially a 
kaschig, when opposing the theories of Wentzki and of Jnri.sol 
in iqto [viiic infri\) does not use that opportunity of combating 
Lunge and Bcrl's views as just stated, and that, as we shal 
see fw/kd, in his lectflre In 1911 he distinctly admits that.llu 
action of oxygen on nitric oxide docs not produce bul 

nitrogen peroxide. * , 

H. B. and M. Bi»ker (/ Chfui. ><jO/Tj'iinsdilinns, ii 
p. 1862) assert that nitrogen trioxide ca^i be obtained in th( 
gaseous state, if every trace of moisture is excluded by specia 
precautions [a precaution, of course, the reverse of which hold: 
good in acid-cl\ambers]. ■ • , 

Mandl and kuss {/. migrd'. 1908, pp. 48640 491) fine 

that the combmation o', NO witii oxy^mi lead.s* tq \aryin( 
results, according to the ojrigin of the ox)'gen employed, ant 
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does not always lead^ to pure ISfO^. They admit that their 
experiments are not sufficientTor a final solution of the question; 
perhaps, catalysers come into play here. 

In opp'6.sitidn to their work, Holweeh (zA/r/., pp. 2131 to 
2134), working under the direction of Professor Haber, shows 
that a mixture of 2 vol. NO and 1 vol oxygen of various origin 
at atmospheric pressure i.s practically completely changed into 
NO.; and N.p^, and that the velocity of the reaction is approxi¬ 
mately the .same, for oxj’gcn prepared by l.mde’s process, or 
such containing ozone, or prepared from barium .peroxide, 
'potassium bichromate, and dilute sulphuric acid. 

Foerstcr and Koch (z 7 w/.,pp. 2161 to 2172 and 2209 to 2219) 
studied in great detail the action of a mixture of nitrogen 
dioxide and oxygen ii[)on water; also the .action of water-on 
nitrogen dioxide strongly diluted with atmospheric air, end 
of ozone on NO.,. Their work is of very great importance 
concerning the formation of nitric acid (?’. supn), p. 184), but 
docs not apply to the vitriol-chamber proces.s. 

llodehstein {/.. Elcklrochciii., 1910, p. 876) di.scu.s.scs the 
velocity of the combination of NO,with oxygen, on which he 
has (with Meinecke) ma<lc exireriments at very low concentra¬ 
tions, by which that reaction becomes measurable. Their 
results are not yet entircl\' concordant, and further work must 
be done in that quarter. Most surprising i.s their observation 
that that reaction goes on more slowly at 15 than at o". 

lurisch (Chnu. hid., 1910, pp. .137 to 142) puts himself in 
O'pposition against both Lunge and Kaschig, and all others who 
assume that the oxidation of SO. into H.^SO, takes place 
. indirectly with formation of intermediate compound.s. He 
maintains that the normal process in the chambers is repre- 
"sented by the equations 

S0, + N„0,< + 1L0 - H..S0, + 2N0 
„ .S()..-t-2HNO. = lf.,SO|-tiNO 

so., + 5>:inO;, ,= h.,so, + zN02, 

and that all the reactions observed by Lunge and Raschig take 
place under abnormal con.ditions. 

Wentzki {Z. angeiv. Chan-., 1910, pp. 1707 to 1714) also 
declares the assumption of. intermediate .stages in the oxida- 
tioA of SOj by the nitrous gases' in, th^ lead-chambers as 
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unnecessary, such oxidation taking place in a direct manne*r 
by nitric peroxide: 

(,i) S<)„ + X()„+H,() 11,,SO, I-NO 

(i) NO + O ■ NO,, 

Nitrous trioxidc, lit holds, is not in i|iie,stion, as its existence, in 
the gaseous state (under chamber conditions) has been distinctly 
disproved. Lead-chamber crystals are only formed in the 
chambers in sTich places where there is a local deficiency of 
water,,npt primaril)' by the condensation of S()„ NO, O, and 
n.,0. He objects to the constitution formula given to sulphe- 
nitronic acid by Ra.schig and by Lunge and Berl, and he believes 
that that acid cannot be formed under chamber conditions. 
Tile nitrosisulphonic acid (sulphonitronic acid; is formed in 
the chambers only by the action of .SO,, on an excess of 
nitrososul|)huric acid, I'x. by a fault)- process in the Gay-Lussac 
tower, and its formation is without any importance for the 
rnanufactuie of sul[ihuric acid, or even damaging to it. 

Kaschig (/f. nw!,'va', C/n-m., ipio, pp. 2C,)i to 2250) points 
out that both Juri.sch apd Weiitzki go back to the original 
theory of Clement and Desormes pronounced in iSib. jurisch 
has made no experiments whatever to support his views, and 
need not be answered. Wentzki adduces some new experiments, 
but he has misunderstood their bearing. Both of them ovm-look 
the fact that already in 1813 Davy had refuterl the view of 
Clement and Desormes by pointing out thSt tjieir theory 
inevitably leads to the assumption that .SO, and NO,, act upon 
each other also in the absence of water, forming aiiliydrous .SO., 
and NO, which is notoriously z/e/ the case, a fact again proved 
by numerous experiments made by Ra.schig. This ctpemi.st 
also quote* a remarkable observation, communicated to him by 
Sauer.schnig as made in the practical working of add chambers, 
viz., that the charpher process is not (as might be supposed on 
the strength of the law of the tiction of masses, atid would be 
absolutely demanded by the theories of jurisch and of WentzkiJ 
rendered quicker and iftore complete the more oxygen is present, 
but that the production of sulphuric acid in, the ehambers 
inereases with tRc increase of o.xygep only up to a certain optimum 
of the oxygftn percentage, and decreases agan wheiv this 
optimum is exceeded. This fact is absolutely irreconcilable with 
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Ihe theory of a direct oxidation Of SOr,, brou'ght about by the 
ijitrous gases as cat>.ly.se'rs ; iti imperatively demands the action 
of intermediate products, as assumed both by Raschig arid by 
Lunge. Wentzki has committed cpiite a mass of errors, both in 
his observations and in his argumentation on Raschig’s former 
vyork, whicli the latter discus.ses in great detail, with the final 
verdict that his (Raschig’s) theory has victoriously come out in 
the struggle. Raschig further disproves the contention of 
Manchot {Z. Chan., 1910, p. 2112), acebrding to which 

the “blue acid” is not nitrosisiilphonic acid, but'is produced by- 
traces of iron in his material.s. 

Herl (Z. angr.v. Chan., 1910, pp. 2250 to 2253) also opposes 
VVentzki’s statements and opinions, especially his denial of the 
formation of nitrosisiilphonic acid in the chambers and that 
I of nitrososulphuric acid. Concerning VVentzki's denial of t,’.ie 
action of intermediate prodiict.s, and his assertion of the 
immediate reaction: SO.,+NO, = SO,+NO, Herl points out 
that not merely the left side of this equation is wrong, 
since notoriously dry SO.^ and dry NO., do not act upon each 
other, but also the right side, for ajready in 1S39 Rose, and 
in 1.S56 Bniriing, observed that SO., and NO act upon each 
other with formation of dinitroso-pyrosulphuric acid, 2SO.„ N., 0 .|, 
and Berl, together with Jurrissen, confirmed this and prepared 
that acid in a pure state. Herl also points out that the chamber 
crystals, SO.N'H, according to the various ways of their forma¬ 
tion and their'■reaction.s, can be formulated both as nitrosyl- 
sulphuric acid and as nitrosulphonic acid, and this is probably 
a case cithcr’of isomeria or of tautomeria. 

VVentzki (ibid., 1911, pp. 392 to 400) defends himself against 
Raschig and Herl. lie denies the formula given by Raschig to 
the “blue acid,” and the part attributed to it as intermediate 
link in the lead-chamber process ; the proofs given for this by 
Raschig and by Herl are attributed to him ,to other reactions 
than tho.se taking place 1*11 the chambers. He equally denies 
vhe formation of Raschfg's " nitrososulphonic acid ” by Raschig’s- 
method or in the chambers, and upholds the view of the direct 
oxidation of by the Jiigher nitrogen oxides. Later on 
(ib\d., 1911, p^ 1468) he defendsihimself against the imputation 
of aq error, made against liiii; in the pa^Jer of Divers, to which 
we pow paks. 
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Divers (j. Soc. .Chan. In!)., 1911, py. 594 to ^03) considers 
that Raschig’s nitroso- and njtrosisnlphonic* acid do nut existf 
and that especially the latter is chemically im|)0#iib1f. The 
intermediate substance must bave the forihula* H„N,jSO|„ 
because it is the um both of 2 ll^' 0 ,+ S 0 ,, and of 2NO + 1 I.,SD,, 
that is, of the active substanciis and of the final products, 
intermediate substance he calls nitroxysulphuric acid; it is 
sulphonated nitroxous acid, this being the name given b\’ Divers 
to Thurn’s azoTiydroxvl or Angeli's nitrohvdroxamic acid, 
H.^N,, 0 »,an acid half-way between hyiionitrous and nitrous 
acids, Ilis constitutional formula' arc: nitroxous acid, 

HON^Nll; nitroxj'sulphmous acid, 1 K)n|,|nSO .,11 ; nitroxy- 

su^ihuric acid, llN^yXSOJl. An explanation can now be 

given of the long-recognised peculiarity that the volume of 
atmospheric oxygen which must enter the lead-chamber is, 
roughly measured, equal to that of the SO., and, therefore, twice 
as much as has seemed chemicalli' nece.^sary. That e)p;ilanation 
rests upon Ra.schig’s observation ol the atmospheric oxidation 
of nitric oxide. The immediate product has tht’cbmposition 
N., 0 ,, but for a short time differs from ordinart' nitric peroxide 
in being nitrous peroxide, ONO —O.N’O, which acts upon water 
as a nitrous compound, oxygen being liberated. Since ,SO., 
needs as much nitrous acid as that derived from ’NO, and 2NO 
combines with O., as nitrous peroxide, the process in the lead- 
chamber is expressed by the equations i— 

3.N’(> + 0_.. (tNO -ONO 
2 N., 0 ,-i-.'H..() 4 IINO, rO, 

2HN0*, + S0.. I1,,N,,S0,; jN'0+II.,S0|. 

• . - - - 

These equations show all the oxygen as used up, temporarily 
by the nitric oxidc^yct oiily to produce the peroxii/e of nitrous 
acid ONO —ONO. Since, outside the chamber, nitfous acid so 
steadily unites with two molcctilcs of 5 ( 5 ,,, it has been hitherto 
a difficulty to understand how in the chambers, where SO„ is 
present in large excess, nitrous acid, should therq combine with 
so much less Sf).^. Divers thinks Jhe reason of tjjis to be that 
the nitroxysulphuric d«id, as fastjas it K formed,*produccs the 
chamber mist, cpnsiiting of minute drops of sulpliuric ^cid, 
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surrounded each by an atmospiiere of unniixed nitric oxide. 
'The NQ, diffusing'into the chamber atmosphere of SO., and 0 ., 
largely.dihrted with nitrogen, is in excess of the SO„“ and o! 
which it meets, until it has all become nitroxysulphuric acid" 
which is ft.self unacted upon by the constituents of that 
'.'’tmosphere. 

In a lecture given in London in 1911 (/. Soc Chem. Ind, 
1911, pp. 166 to 172), Raschig upholds his former views (without 
entering in any way on his polemics with I,unge and,Berl), and 
^ he gives the following equations for the reactions go’irg on in 
the chambers:— 

( 1 ) 2NO+Il.,() + ()==2lINO„ 

( 2 ) HNO..'+SO,,-ONSO,,ll 

(i) nNO,_, + ()NSO,,ll.-.NO+H,NSO, 

(4) H,,NSO,-, ^NO+H.‘s()„ "■ 

!>i Simula .• .SO., 4- 0 -1- H .,0 - I " 

He nmv admits the non-formation of gaseous N., 0 ,, and records 
his convittion that the product of the oxidation of nitric oxide 
is nitrogen peroxide : NO + O-NO,.. 

Reyno'lefs ajid Taylor (/. Sue. Chciii. Ind., 1912, pp. 365 et seql) 
show that Raschig's explanation of the vitriol-chamber process 
by the interaction of nitrous and sulphurous acid with forma- 
tioinof the hypothetical intermediate products : nitro.sosulphonic 
and nitrosisulphonic acid, is founded on experimental errors. 
According toHlicm the only gaseous product of the action of 
Sp., on nitrous acid is nitrogen protoxide. The nitric oxide, 
found by Ra,schig in his experiments, had been formed by the 
presence of potassium iodide, used as an indicator. Chamber- 
crystals-can exist in solution in sulphuricuacid of 60 percent, 
which fact refutes Raschig’s explanation <4 Sabatier’s'purple 
acid (Raschig’s nitrosisulphonic acid). These facts are equally 
incompatible with the modifimrlnnc r/K>!.c,~v,:r,>o n-..,.ory proposed 
by Divers (sv//;!)). 



CHAPTER VI 

THE RECOVERY OK THE NITROOEN COMPOUNDS 

The recovery of the nitrogen oxides which are still present in 
the gaseous mixture issuing from the last chamber has been 
previously mentioned as a process indispensable for the rational 
manufacture of sulphuric acid. It saves not merely at least 
two-thirds of the nitre, but also a great deal (a quarter up to a 
third) of the chamber-space; it increases the yield of sulphuric 
acid, and, moreover, prevents the escape of acid fumes into the 
atmosphere. Several processes may be employed for this 
object; but, with one exception, they only require to bo briefly 
mentioned. The only plan which has turned out successful in 
manufacturing practice, and which, certainly after a considerable 
length of time, has been introduced into all well-maftaged 
works, is that which, was proposed by Ga) -Lussac as early as 
1827, viz.j the absorption of the nitrous fumes by strong sul¬ 
phuric acid. The chemical fact underlying this process, viz., 
the behaviour of the oxides and acids of sulphur and nitrogen 
towards one another, has been fully di.scu.s.sed in Chapter HI. 
(pp. 330 et seqf to which we must refer. We shall here 
examine the technical means employed for realising the possi¬ 
bility of recovering by far the greater part’of the nitrcAonUined 
in the exit-gases from the vitriol-chambers. We recall, there¬ 
fore, only the following reactions. 

Moderately concentrated sulphuric acid absorbs from gaseous 
mixtures no nitric oxide except in the.prescncr: of oxygen, when 
of course higher nitrftgen oxides are formed. Nitrous acid is 
absorbed with the formation of nitrososulphuric acid : 

jHjSO^ + N.,05 = 2 S 0 .,( 0 H)(©N 0 ) + 1 LO. 


;si 



782 RFXOVEBY OF THE NITROGEN COMPOUNDS 


Nitrogen peroxide ?s absorbed with formation both of the 
just-named compound and of nitric Acid : • 

HjSOj + NA=S02(0H) (ONO) + HNO3. 

Nitrososulphuric acid is decomposed hy water alone : 
2 S 02 ( 0 H) (ONO) + H.O = 2H2SO4 + NjOj, 
or by water and SO„; 

2SO5NH + SO,, + 2H,,0 = 3H,S0,, + 2NO. 

The most frequently used apparatus foii retaining the nitrous 
fumes by means of strong sulphuric acid is the coke-tower, first 
proposed in 1827 by Gay-Lussac (who was acting as consulting- 
chemist to the St Gobain Co. at Chauny), and justly designated 
everywhere by the name of its inventor. From the facility 
which this apparatus gives of retaining at least two-thirds of all 
the nitre, and from the other important advantages realised by 
it, it might have been expected that it would have been 
generally introduced within a short period after its invention. 
But, most curiously, Gay-Lussac’s invention was only carried 
out into practice for the first time fn 1842, at Chauny; and 
forty years after its invention the majority of sulphuric-acid 
makers did not posse.ss either Gay-Lussac’s or any other 
apparatus for retaining the nitrous fumes; nay, even some of 
those who had adopted it in the first instance had abandoned 
it again. 

, The cause of this was that formerly the only practicable 
plan of recovering the nitre from the nitrous vitriol obtained in 
the Gay-Lussac tower consi.sted in diluting it with water, and 
that the expense of reconcentrating and of pumping the acid, 
etc., was thought to amount to nearly as much as the saving of 
nitre. Most manufacturers were not aware that the saving 
(which was mostly estimated too low, viz., equal to one-half of 
the njtrej was not the only advantage of the absorbing-towers. 
But the great dearth of nitrate of soda which occurred about 
the years 1868-1870 brought the matter vividly before them; 
at the same time on the Continent the composition of the 
chamber-gases, the chamber-space, etc., were studied more 
closely, antj the advantage of an excess of nitrous gas in the 
chambevs, which can only be secured by rtieans of an absorbing- 
tower, became evident. rThese circumstances led to the erection 
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of many Gay-Lussac towers, and the more so as some# manu¬ 
facturers had never* given them up at all and had done very 
well with them. 

In England, where the theoretical part of the subject has 
been much less attended to, another practical invention had in 
the meantime been made, which entirely removed the only 
essential drawback of the Gay-Lussac absorbing-tower, viz., the 
necessity of rcconcentrating the acid after denitrating it by 
dilution; tjiis was the Gltvcr toivcr. Whilst about* 1870 only 
a comparatively verj* small number of Engli.sh works absorbed 
their nitre-gas at all, since then all the larger and better works 
have intioduced the Gay-Lussac ab.sorbing-tower, nearly always 
together with Glover’s denitrating-tower. Probably some few 
exceptions may still survive; but we are here only speaking of 
somewhat rationally managed factories. 

Gay-Luss/rc’s Absorbing-Toiver for Nitrous Gases 
consists of a chamber, placed at the end of the set of lead 
chambers, much higher than wide (a “ tower ” or “ column ”), of 
which the walls are maJc of a material capable of resi.sting 
sulphuric acid, and the interior space is filled with a material 
presenting a large surface. Hy means of this “packing” a 
stream of sulphuric acid entering the column from above is 
divided into small drops ; at the same time the current o[ gas 
rising up in the tower is divided into many small jets; and 
thus the contact betVeen the gas and the acid, covering the 
surface ofc the packing, is multiplied. The principle applied 
here is exactly the same as had been already employed for a 
long time in the " scrubbers ” of gas-works, in order to deprive 
the gas of ammoniacal salts by washing it with water, and 
which is also applied to the condensation of hydrochloric acid 
in the decomposition of common salt: rft is alwayj this, to 
produce a great many points of contact between the^gaj and 
the absorbing agent, and thereby to wash out the absorbable 
substance of the gas as much as possible; or the interior of the 
tower may be represented as a filter which allows only the inert 
gas to pass, but retail^ the gas acted upon by the absorbing 
agent. • 

The reason why .such §n appaiiptus is constructed»*in the 
shape of a tower or column (that is^hy it is made much 
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higher^than wide) is this, that in the case of apparatus with a 
considerable horizontal section it iJ very difficult to distribute 
a comparatively thin stream of the absorbing liquid equally 
over the whole section, and at the same time to force the gas 
to meet the ^liquid all over. Of course, the gas has always a 
tendency to ri.se where its progress is not barred wholly or in 
part by a liquid ; unless the absorbing-vessels are pretty narrow, 
it is not possible to prevent the liquid running down almost 
entirely in*some places,the gas rising in others, so that but little 
of the two would come into contact, and tte liquid would arrive 
at the bottom charged with very little absorbable matter, whilst 
the gas issuing at the top would still contain a good djal of it. 

From this follows this general principle;—An apparatus for 
the absorption of gases, such as those under consideration, 
should be made no wider than is necessary in order that the 
draught may not be impeded by the packing; and the necessary 
cubical volume of the packing should be obtained by making 
the tower so much higher. Thereby another object is also 
attained—viz., the gas entering at the bottom of the tower, 
where it is richly charged with ab'sorbable matter, meets a 
liquid containing already a good deal of the same, and there¬ 
fore not capable of dissolving much more, unless an abundant 
supply is presented to it, which is just the case under these 
circumstances; op the other hand, the gas near the top of the 
tower, where it is almost entirely deprived of its absorbable 
purts, meets entirely fresh liquid, which is able to seize upon 
those parts even in a poor gas, whilst a partly .saturated liquid 
would have no action upon such a gas. This is the theoretical 
explanation of the practical fact that a saturated absorbing 
liquid, together with exhaustion of the gas, can only be attained 
by building the towers very high. 

A considerable vertical height of the absorbing medium can 
be also ,'bbtained by placing two towers alongside each other, 
and compelling the gas leaving the first tower at the top to pass 
downwards in order to rise again irf the second tower. As a 
rule this arrangement is not to be recommended, for two 
reasons:—First, there is'a loss of draught caused by compelling 
the gas to.travel downwards for a portion of its course, and the 
conseefvent great friction in the conncc\ing-tube; secondly, in 
this way certainly the<gas can be completely washed out, but 
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at the same time we do not obtain a saturSted absorbing-Jiquid, 
both of the towers having tl) be fed with liquid, which at the 
end only attains half the degree of saturation that would have 
been attained in one tower equal in height to both those 
employed and fed with a single jet, Where the ^strength of 
the absorbing-liquid is of no consequence, it is often more 
convenient to employ two towers in series than one of double 
the height. With the lai;ge Gay-Lussac space employed by 
many works it is certainly, found impossible to do with only 
one tower. In that ijasc two towers are employed, the first 
being fed with the acid run down in the second after pump¬ 
ing it up again. An arrangement decidedly to be rejected 
is found in many books and in a few badly arranged works, 
where, from mistaken economy, the absorbing-tower is made of 
twice the usual horizontal section, and divided into two halves 
by a partition, in order to pass the gas up one half and down 
the other. The saving in co.st as against two tow’crs or a tower 
of double the height is not very considerable; on the other 
hand, that half of the tower in which the gas has to descend is 
almost entirely .sacrificed, bbcause here, where the gas and the 
liquid travel in the same direction, their mutual action, as 
experience shows, is very inconsiderable; both mostly travel 
downwards peacefully without interference and arrive at the 
bottom almost unchanged. The arrangement qf a double tower 
is inadmissible unless the partition extends right through, and 
the gas issuing from the one division passes downwards by ;; 
special pips, and is allowed to a.scend again in the second 
division, and thus to meet the acid rain. This answers the 
same purpose as placing two towers alongside each other. 

As far as the width of the Gay-Lussac tower is concerned, 
it should be considerably wider than an empty tube of sufficient 
diameter for the current of gas, not merely ^ecause the packing 
of the tower occupies a large portion of its section aftd qjily 
leaves a small portion of it as clear space, but al.so because the 
packing must be purposely firranged so as to divide the current 
of gas into a great many separate jets, constantly changing 
their direction, and to expose them to the largest possible 
amount of contact with tlie surfaces of the packing wefted with 
the absorbing-liquid. The tower must therefore ba,*wide 
enough to take account of this purposely increased friction. 
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Furtljertnore, it hal to be considered that the slower the 
current of gas, the more time whl be afforded for the action 
of the absorbing-liquid, and the more perfect that action will be. 
This would point to giving the tower as wide a section as 
possible, in-order to slacken the speed of the gaseous current. 
As, for the reasons stated above, this plan has various draw¬ 
backs, the inference is that a certain middle path should be 
taken: the tower should be made wide enough not to hinder 
the draught, and to leave sufficient time for the contact of the 
gas and the liquid, but not so wide that the liquid cannot 
be spread equally all over and that the gas can go past it. 
Evidently no exact calculations can be made as to the proper 
width ; experience only can decide this point. Formerly it was 
assumed that ordinary coke-packed Gay-Lussac towers ought • 
not to exceed 7 ft. in width in order to secure a uniform dis¬ 
tribution of the gas and the acids, but later on towers up to 
14 ft. have been erected and no drawbacks are reported to have 
been caused by this extreme width. 

The dimensions of the Gay-Lussac tower necessarily corre¬ 
spond to those of the set of chaihbers to which it belongs; 
its cubical contents should be at least i per cent, of the chamber- 
space. For sets of from 140,000 to 200,000 cub. ft. the column 
might be 6 ft. in width and 50 ft. high ; for a set of from 70,000 
to 100,000 cub. ,ft. a tower from 4 to 5 ft. in width and 40 ft. 
high is sufficient. In both cases it is best to give the tower an 
additional height of 10 ft.; there will be all the more saving 
of absorbing acid the higher the tower and the longer the acid* 
has to travel. These statements refer to chambers working 
with pyrites ; with brimstone the height of the tower need not 
exceed 26 ft. 

Undoubtedly a larger absorbing-space, say 2 per cent, of 
the chamber-space, permits working with a larger economy of 
nitre tJian the above-stated sizes ; in the case of large sets this 
space will mostly have to be divided into two towers. In fact, 
when the absorbing space at the farrow chemical works was 
raised to 90 cub. ft. per ton of pyrites per week, which amounts 
to about 2 per cent, of the chamber-soace, the consumption of 
nitre was brought down from i'45 to 1-05 part per 100 parts 
of p^irites. Similar results have been* obtained elsewhere, for 
instance at Runcorn.* 
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At the Oker works, one ^t has three ( 5 ay-Lussacs wqfking 
parallel, each 3 ft. 9 I'n. wide and 32 ft. high, capacity 1300 
cub. ft. = 1-09 per cent, of the cube of the chambers. The other 
four sets have similar towers, of cubic capacities = 1-30, 1-45, 
170, 0'96 of the cube of the chambers. They arc gacked with 
coke, and are fed with acid of 60° B. = 142" Tw., 100 to 130 
per cent, of the daily production. In one case a small plate- 
tower is also employed as preliminary Gay-Lussac tower, with 
excellent results (cf. infra). , • 

At the different works belonging to the Saint-Gobain 
Chemical Company (the largest in France) the real working- 
space [i.e. that occupied by the coke packing) of the Gay-Lussac 
towers formerly amounted to rather more than 5 cb.m, (say 
180 cub. ft.) per ton of pyrites burnt in twenty-four hours, or 
from 0 7 to I per cent, of the chamber-space. But recently this 
has been very much enlarged, and now amounts to 13 or 15 cb.m, 
(say 455 to 525 cub. ft.) per ton of pyrites, or from 2 to 3 per 
cent, of the chamber-space, with a special view to “ forced work ’’ 
(pp. 639 et seqi). This does not comprise the space below the 
grates, that above the packfng, and that occupied by the brick 
lining, whilst in most other statements the whole space within 
the leaden shell is included. 

The foundations of the tower must, of course, be very sub¬ 
stantial, and, if possible, constructed in such p way that any 
acid running over will not damage them. It is preferable to 
place the towers high enough to avoid the gas from the last, 
chamber having to descend towards the tower; if, however, the 
chambers are very high above the ground, this would involve 
considerable difficulty' and expense, and the tower is then 
raised only high enough above the ground to leave a natural 
fall from its bottom to an acid-tank, and from this to the 
pumping-apparatus for the nitrous vitriol. , 

-The foundations usually consist of a solid block of brickwork 
or stones, or else of two strong pillars surmounted by an 
18-in. arch. Sometimes cAt-iron columns are employed, on 
which are placed iron girders, and crossways on these iron 
T-shaped bearers (usuaHy railway-rails^, close together so as 
to form a continuous platform. These (as well as aay brick- 
or stonework) must be Veil painted ^ith (frequently renewed) 
tar-paint, and must be covered at the td{) by a leaden apron, 
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whicl(i directs all th& drips past tjie pillars into a safe place, 
where the foundations or pillars cannot be touched by it, (The 
same plan should be followed for the foundations of Glover 
towers.) 

The fmi^icivork of Gay-Lussac towers is .sometimes made of 
angle-iron, but more frequently of timber. In the case of 
towers of an angular section such frames are constructed in the 
usual way, as is seen in our diagrams of Gay-Lussac towers. 
Circular<towers of moderate section are best made with a frame 
of four uprights, placed in the corners of a square ; to these, at 
every 6 ft. of height, metal brackets are fixed; from these are 
suspended, by means of hooks, broad iron hoops (say 3 in. 
wide), which clo.sely gird the tower and support its lead shell. 
Wide towers arc built like circular Glover towers (see these). 

The timber frame must be kept clear of the lead, just as 
in the case of the vitriol-chambers (p. 603); this, of course, 
is even more necessary in the case of the Glover tower (see 
below). 

In most cases the Gay-Lussac tower is made of lead. The 
lead in continental works is sometimes unnecessarily thick, 
from 14 to 28 lb. to the square foot; in British works it is often 
no more than 7 lb. or even 6 lb. to the square foot, like the 
chamber-lead. It is, however, better to make the tower of 8 lb. 
lead, the bottorq, being a pound or two .stronger. There is no 
reason why the lead should be stronger than this: the gas as 
ivell as the acid in this apparatus are only moderately warm, 
and, indeed, should be as cool as possible; nor is the lateral 
pressure of the coke, if properly packed, so great that it need 
cause any fear. At all events the lead sides are necessarily 
supported by a frame. Both circular and square towers are 
employed ; the former take less lead for the same area. They 
are frequently lineal inside with bricks, which are put in dry 
alofig with the packing; “split bricks" of i-in. thickness are 
often employed for this purpose, lest too much space should be 
lost. The object of this lining is* to prevent the coke from 
cutting the lead in settling down. It seems, however, hardly 
worth while to go to the expense of the lining, and at the same 
time to Jessen the area of the tower, for such a small matter, 
whichican be easily rerngdied by_putting on a patch of lead; 
the lateral pressure of the coke can only be avoided by making 
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the lining at least 9 in. thick, which is rately done, as it pastes 
too much space. • 

In the case of square towers, the sheets forming the sides 
should be in one piece from top to bottom. They are best imt 
up by placing the roll of lead on the level of the t^wer-bottom, 
unrolling it, supporting the remainder of the roll as it rises 
upwards and putting the straps in their phaccs as the roll goes 
up. This is a much safpr 
plan than the other; 
ing the whole roll of 
the top and allowing 
unroll, gradually fixing the 
straps all along. 

The .sheets forming the 
sides should be turned over 
at the corners in order to 
make a joint with the next 
sheet (Fig. 266). The over¬ 
laps of the seams must, in 
every case, be placed ouf- 
side (also in the case of the 
Glover tower); otherwise they would be quickly destroyed. 
The bottom is made of a single sheet, the four edges being 
turned up to form the upstand, The corners,are not cut-out 

and burnt, but are simply 
folded up as shown in I'h’g. 26 ;j. 

Circular towers are built 
up of annular drums, one 
above the other, each being 
supported by straps nailed 
to the upright posts, or, pre¬ 
ferably, ^xed in such a way 
that the overlap of tte swam 
is turned over 3-in. iron hoops suspended from the uprights 
(p. 788). This plan at the same time protects the hoops 
and gives an excellent stay to the tower. If there are 
more than four upright posts, one or ‘more of them must be 
left out during the building of the tower, to get the leaden 
drums in. * •* 

In the south of France octagonal Ga^-Lussac towers are in 


Fk;. 266. 



Fig. 267. 
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use, bijilt of Volvic ISva (see later on), like a hydrochloric-acid 
condenser, without any lead shell. ‘ 

All Gay-Lussac towers have an internal filling packing"), 
which at one time mostly consisted of coke. This material was 
formerly regarded as the best for this purpose, because its 
irregular .shape and rough surfaces offer to the gas a very large 
area of contact with the liquid. Another advantage which 
coke has over other materials, as pieces of glass, earthenware, 
flints, etcf, is its comparatively ligjit weight. But two other 
advantages sometimes claimed for it,' viz., porosity and resistance 
to chemical action, are non-existent. The contention that coke, 
owing to its porosity, offers a great many internal surfaces for 
the contact between the gas and the liquid is erroneous. In 
the first place, porous coke is worthless for a coke-tower, for 
which dense coke is indispen.sable; secondly, the pores must at 
once be filled with liquid, which thus cannot come into contact 
with the gas passing outside. It is not owing to its porosity, but 
to its rougher, more irregular, and therefor much larger surface, 
that coke is preferable to broken glass or earthenware, etc. 

It is necessary to be very cardful in the selection of the 
coke. Gas-coke is of no use at all here; only the hardest-burnt 
oven-coke must be used, giving a clear ring and as little porous 
as possible, of a silvery white, not of a dull black. It must be 
carefully packed,,rejecting all dull black pieces. First only the 
large pieces, a foot and upwards in length, are picked out; 
these are placed in horizontal layers directly over the grating 
of the tower, crossing each other if possible ; each .piece must 
be placed by hand, inconvenient as it is that the workman has 
to be lowered from 'the top to the bottom of the tower, and 
must receive his material in the same manner. Thus the first 
third of the tower is packed; then come the pieces next in 
size; and for the last third the smaller lumps may be used, and 
max be’simply emptied in out of baskets. Nothing, however, 
is allowed to go into the tower which has not been sifted 
through a riddle with 3-in. holes.' Unless a coke-tower is 
packed most carefully, either the draught through it will be 
impeded, or there will be too much way left for the gas, or, in 
the most frequent and worst case, the packing will be too loose 
in soriie places and too dense in others; and thus there will be 
bad absorption as welkas bad draught. 
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Soft porous coke must be rejected f6r two reasons,- first, 
t cannot support the pressure of the superjacent column 
without being crushed, thus stopping the draught; secondly, 
luch soft coke is soon acted upon by nitrous vitriol, and is 
jventually converted into a thick paste; this is ^cry bad for 
;he draught, and may necessitate repacking the tower. It 
also imparts a dark brown, at first nearly black, colour to the 
acid run through the tower for a considerable time (several 
months) after a tower has been freshly packed. 

The claifn formerly made for coke, that it is not acted upon 
by the gases or liquids within the Gay-l.ussac tower, must be 
declared untenable even for the hardest-burnt coke, since 1 have 
shown (/. Soc. Chat. Ind., 1885, p. 31) that the reason why 
“nitrous vitriol” never, except under totally abnormal circum¬ 
stances, contains any nitric acid, even when the gases entering 
into the tower had contained N._,Oj, is this, that the coke 
reduces the nitric acid originally formed from the N./Di to nitro.so- 
sulphuric acid ; this takes place slowly at ordinary tempera¬ 
tures, but very quickly and completely at .slightl\- higher ones 
(30° to 40° C.), such as they generally rule in the tower. 

In a subsequent investigation {Z. angew. Chan., 1890, p. 195) 

I showed that the action goes further, and that nitrous {t.c. in 
this case nitroso-sulphuric) acid is reduced by the action of coke 
to nitric oxide, with formation of carbon dioxide. It is true 
that at the ordinary, or at a slightly raised, temperature this 
action is only very slow; but even then it is quite perceptible;, 
and at ten^ratures above 70“ it becomes very stremg (</. p. 
350). This no doubt accounts for some of the losses m the 
manufacture of sulpharic acid, and it would seem to speak in 
favour of employing a description of packing which is not acted 
Upon by the nitre in any way. In fact, at some works the 
ordinary coke-towers must be repackerl every year.^ and in 
places where the coke-packing has been replaced by (.ylm(jcrs 
of hard stoneware, the nitrous vitriol is very much stronger 
than with coke-packing under similar circumstances. 

Hallwell {Chem. Zeit., 1893, p. 263) noticed a distinct saving 
of nitre when he replaced the coke-packing by stoneware. 

Of course, dense coke is less acted upon than porous coke 
(as distinctly proved onte more in mv experiments); the*latter 
does not even resist the actfon of pure ooncentrated sulphuric 

3E 
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acid ^ithout disint^ration. But in the end all coke is 
gradually wasted, and long befo/e this* is done to such an 
extent that the real loss of weight would make it necessary to 
replenish the tower, the mud formed by the disintegration of 
part of the coke stops up the draught to an intolerable extent. 
Flushing the tower with water is sometimes a remedy, but is 
far from being always efficacious. 

In the case of very high towers, sometimes one or two grids 
are interposed at various heights^ for supporting the upper 
layers of the coke. These grids ar(f madj of iron bars cased in 
lead. Unless they are very carefully arranged, as will be shown 
in our drawings, they may go down with the coke packing, as 
the latter gradually sinks down, and may do more harm than 
good. 

The drawbacks notoriously existing in the case of coke- 
packed Gay-Lussac towers have long since led to the employ¬ 
ment of other styles of packing ; as such short cylinders of acid- 
proof stonnvare. arc mostly used, of which we shall speak in 
detail when describing the Glover tower. Other stoneware 
bodies, as Guttmann’s or the Bettenhausen balls or cones 
(p. 630), are equally used. 

We mention also the .stoneware apparatus of Kypke (Ger. 
P. 97208) and of the Friedrichsfeld ceramic works (Ger. P. 
89025); Fischer's Jahresber., 1898, p. 327. 

The Rhenania works at Stolberg, when packing Gay- 
^.ussac towers with cylinders alone, found that the stock of 
acid retained in the tower was not sufficient to jirovide for 
irregularities of work. They find it preferable to combine 
cylinders with cpke packing, the former at the bottom, the latter 
in the upper part of the towers. If the pieces of coke are not 
too small, there is no stopping up by mud, and such a tower 
may go for many years (information received in 1902). 

JhqiYarbenfabriken Bayer (Fr. P. 421952 of 1910) overcome 
the difficulties of evenly distributing the absorbing-liquids in 
towers by substituting for the usual packing sections of filtering 
material, in the form of layers of sand, charcoal, etc. At the 
lower side of the filters a large number of points are arranged 
where thp filtered liquid collects and drops on to the tray 
below., Vertical tubes are suitably arranged for the -upward 
passage of the gases.*. 
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Other forms of lining and packirl|;, which are equally 
applicable to Gay-Lftssac or other towers will be described later 
on in connection with the Glover towers. 

Plate-towers {Lunge towers ).— An exceedingly suitable 
apparatus for this purpose is the plate-tower, descjibed pp. 657 
etseg. Liity (Z. aiigew. C/tciii., 1897, p. 485) gives reports from 
eleven various firms in Germany, Austria, England, America, 
and Russia, which have prccted plate-columns as Gay-I.ussac 
towers, and which are perfectly satisfied with the results, 
Niedenfiihr (C/tem. iieit., 1897, p. 20) quotes reports from 
factories, showing that the loss of draught with plate-towers is 
much le.ss than with coke-towers (only i-j mm.), and that the 
former, if combined with the latter, consume less nitre and 
produce more acid than coke-towers alone, especially by the 
equalisation of disturbances in the work. 

A very good plan, where several sets of chambers are at 
work in the same factory, is to provide each .set with a first 
Gay-Lussac tower in the .shape of a “ Lunge tower ’’ and to 
convey the gases from ail these into a large central coke- 
tower ; the large quantity*of weak nitrous vitriol employed in 
the latter is then employed for feeding all the plate-tower Gay- 
Lussacs of the individual sets (</. p. 811, the Griesheim system 
of centralising the Gay-Lussac towers). In this case the action 
on the coke is altogether insignificant, o\ying to the Jow 
temperature and the slight amount of nitre to be dealt with in 
the central coke-tower. . 

A Lunge tower of 15 or 20 ft. does the same work as a much 
wider coke-tower of 30 or 40 ft., and causes only a quarter or 
a sixth of the loss 6f draught produced by the coke-tower 
(Niedenfiihr, 1902). 

The combination of plate-towers and a large central coke- 
tower has the further advantage that anyjnequalitie.s^of work 
are thus rendered practically harmless, and the oaly ,real 
objection to plate-towers, viz., the small stock of acid which 
they contain, is thus compfetely avoided. As these towers are 
so low, it will be possible in most cases to place their tops at a 
slightly lower level thag the bottom of the coke-tower and to 
feed them directly with the acid running from the lattar without 
the necessity of again pumping up tl\p weak nitrous vitrkfl. 

By English acid-makers, coke-packin^J was for a long time. 
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and is»perhaps even fiow, preferrei^ to all others, as shown by 
an enquiry made in 1900 by Messrs P. Sf)ence & Sons {Ckem. 
Trade xxvii. p. 262); but their reasons are not very 
conclusive, and the just-mentioned firm has itself decided for an 
improved br^k packing. No doubt some of the towers packed 
with bricks or cylinders have not answered their purpose, 
because the packing was too loose and nothing like as efficient 
for surface contact as coke-packingbut long experience has 
now shown that the latter, whose'chemical draw,backs have 
been pointed out before, can be replaced by chemically 
indifferent stoneware, if moulded into proper shape (“ Lunge 
plates,” " Guttmann balls,” etc.), and that in this way the towers 
can be made very much smaller than coke-towers, one-sixth to 
one-tenth or even less, 

Repacking Gay-Lussac T'lwrr.r.—Coke-towers, owing to the 
above-described circumstances, must be emptied and repacked 
from time to time. This must be done with great care, on 
account of the nitrous gas present in the towers, which is very 
poisonous. Since accidents have happened through gases 
remaining in the tower, official rules have been laid down in 
Germany, of which the principal points are the following:— 
Before repacking is commenced, the tower must be completely 
disconnected from the chambers, but the connection with the 
chimney must ba left open. The tower mu.st now be washed 
first with sulphuric acid, then with water or steam, until the liquid 
running off tests at most no more than 3° B. (1022). During 
the taking out of the coke there must always be draught into 
the chimney: when unpacking from below the draught should 
act from the top; when unpacking from’ the top the draught 
should act from the bottom. If this cannot be done, the cover 
must be removed and a large hole cut in the side at the bottom. 
Towers .packed witl\ coke must be unpacked from the side and 
from wfchout, in the case of tall towers on different levels. The 
packing-material must be immediately removed. The workmen 
must be provided with mouth-sponges, respirating-apparatus, 
india-rubber gloves, etc. Before removing the mud collected 
at the bottom it must be stirred up from without with water, 
and this must be repeated if nitrous vapours are evolved. Men 
suffering from lung- or heart-disease should not be employed in 
this kind of work. *' 
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The English Alkali Refort, No. 31, p. 90, mentions#a fatal 
accident which occurred in repacking a well-washed and 
unpacked Gay-Lussac tower, and which was evidently caused 
by the nitre-gas retained by the old brick-lining. It is there¬ 
fore recommended to ventilate the towers in all c%ses from the 
top downwards during unpacking and repacking. 

As an antidote against poisoning with nitrous vapours 
chloroform has been found to be very efficient {Chew. Ind., 1904, 
pp. 296 ancj 379). The foUowing rules for its application have 
been issued by the Rheini.sch - We.stfalische Sprengstoff 
Company. The person afflicted is to take 3 to 5 drops of 
chloroform, poured out of a drop-flask into a tumbler of water, 
once every ten minutes. The drop-flasks hold 0 5 g. chloroform, 
which is the maximum dose allowed by the German Pharma¬ 
copoeia for a single taking; 1-5 g. = 3 drop-fla.sk.s being the 
maximum for a day. The weight of 3 drojis chloroform is 
0’045 U-! that of 5 drops, 0 078 g. According to Reusch 
{Chew. Zeit., 1911, p. 289) strong and long inhalations of o.eygen 
are preferable to the chloroform treatment. 

Special rules have been officially laid down in Germany for 
repacking Gay-Lussac and Glover towers {Chew. Ind., 1897, 
P- 365). 

The Chcm. Trade /., published at Manchester, supplies 
posters for fixing up at chemical works, containing Rules for 
Dealing with Dangerous Gases, of which the following is an 
abridged abstract. ‘ 

No person may enter a boiler, tank, drain, vitriol-chamber, 
or tower, except provided with a suitable respirator in good 
condition. If the gases cannot be absorbed, the men must be 
provided with a face-piece supplied with air or oxygen. They 
must be secured round the waist by a rope, and a man must be 
in attendance to render assistance if necessary. If a man is 
“gassed,” he must be speedily removed into the open’airj'and 
placed in a warm, well-ventilated place. In bad cases an 
oxygen bottle (never to be used without a reducing-valve I) 
and lung exercise must be employed. If the man is conscious, 
the valve is very slightly turned on anci the oxygen introduced 
into his mouth by a glass tube. If unconscious, the tub(^ is put 
in one corner of the moi^th, closing the lips round ’ it and 
producing artificial respiration in the u'sual way; if the teeth 
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are set,(put the tube in one'of the nostrils. The “ lung exerase ” 
(described in detail in the “ Poster”) is the same as that used in 
the case of accidents by drowning ; it is not often necessary. 

On^plcte Design of a Gay-Lussac Coke-tower. 

In our second edition, pp. 520 to 523, a description and. .. 
illustrations are given of a Gay-Lussac tower, as functionating at 
P'rieberg many years ago. In lieu of this we shall here give 
a design of a modern coke-tower, jas carried ouV by H. H. . 
Niedenfi'ihr, Figs. 268 to 272. Fig. 268 is‘a sectional elevation, 
P'ig. 261J another at right angles to it, P'ig. 270 a sectional plan 
on the plane EF, Fig. 271 on the plane GH, on a scale of 
I : l(X), and Fig. 272 a plan of the network below the saucer. 

The tower stands on strong brick pillars (or else cast-iron 
columns), with an arched toj). Above this follows a hollow 
network .r of acid-proof brickwork, serving as cooling-channels 
for the wooden floor z, the outside of which is provided with 
the circular lead spout y, which keeps any acid running over 
away from the foundations. Six wooden uprights, w w, form 
the scaffolding for the leaden shell of the tower; they are tied , 
at top and bottom by cross pieces, v, forming a hexagonal 
frame. Ca.st-iron brackets fixed in w w support the lead sides 
of the tower, keeping these at a di.stance of i in. away from 
the wood. 

The bottom of the tower is formed of a lead dish, u u, with 
a' margin 6 in. high ; this is made of lead 6 mm. thick = 14 lb. to 
the square foot. The sides and top are made of lead 3 mm. 
thick = 7 lb. to the square foot. The inside of the tower is 
lined at the'bottom up to the top of the grate with 13-in. brick¬ 
work, above that 7 ft. high with 9-in. brickwork, above this 12 ft. 
high with 4Lin. brickwork ; the remainder of the shell up to 
the top tjas no lining. The lining is everywhere kept an inch 
away frdm the lead. 

The lead bottom is protected by thin acid-proof slabs. On 
these are erected pillars, a, b, which carry the stoneware grids, 
c, d, each consisting of three pieces, supported by the recesses 
of the pillars, as shown in the drawiag. These bearers are 
5 in. \ijide,*i6 in. high, and leave open spaces, e e, between them, 

7 in. (Vide. They are brWged ovpr by the bricks, which 
support the packing, fermed of cylinders, to a height of 7 ft. 
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The cylinders (about wl\jcb cf. p. 792) ate placed as s^own in 
Fig. 270, so that eath of them stands on the cros.sing-point of 
four other cylinders. On the top of this packing there is a 
lead-covered cast-iron grid, h h (40 x 100 mm.), upon this 12 ft. 
high of coke-packing, then another grid, i i, and»again nearly 
12 ft. coke-packing. The top is formed by a shallow lead dish 
5 mm. thick, 2 in. deep, with a number of acid " lutes," k k\ 
sealed by small cup.' and fed from the long spouts, / /, which 
have as mryiy lips as therejare lutes to feed. 

This tower is 9 *t? 4 in. wide and 41 ft. high within the lead ; 
the inlet and outlet pipes are 251 in. wide each. 

Falding {Min. Ind., vii. p. C91) gives a design of a Gay- 
Lu.s.sac tower which does not essentially differ from the above. 

Both the inlet and outlet pipes of the Gay- 1 ,us.sac should 
be provided with a contrivance for the ohscnuition of the colour 
of the gashetiwi and after its passage through the tower—say, 
two glass panes placed opposite to each other; or a portion of 
each of the two |ji[)es may be made of glass. The gas ought 
to be of a ruddy colour before entering the tower, and perfectly 
colourless after leaving it. It is a very good plan to make the 
“sight” in the shape of a narrow lead box, 6 or 7 ft. long, with 
glass panes at the opposite small ends. In this case the colour 
is seen through a deep layer of gas, and any admixture of 
yellow vapours is much more easily discovcfcd than with the 
ordinary small sights. 

* 

« 

Other Nitre-recovery Apparatus on the Same Principle as that 
of (lay-l.nssac. 

Instead of the Gay-Lussac tower in .some works, but rarely 
in large ones, and altogether only exceptionally, ab.sorbing- 
apparatus composed of U'oulfe’s bottles are u.sed. Two different 
arrangements of this kind, which are qujte obsolete now, are 
described and illustrated in our fir.st edition, pp. 401 t(»403* 

More important than this arc the proposals to retain the 
form of an absorbing-tower or column, but tp make them in a 
cheaper or else in a more rational way than the ordinary large 
coke-tower. In our fi(st edition (pp'. 377 and 37k) two such 
arrangements are illustrated, both of them consisting; of stone¬ 
ware pipes; but it is useless to report their de.scriptioi> fiere, as 
they have not been practically tried or ?lse act too imperfectly. 
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A very useful addition to Gay-Lussac towers, especially 
where t\ey arc not sufficiently large, was dontemplated by the 
apparatus invented by F. Benkcr, and patented by the Soc. An. 
de I’roduits Chimiques de Javel (B. P. 10871 of 1884; Ger. P. 
30749; y. .SVj(. Chan. Ind., 1885, p. 456). A small lead tower 
is placed in the way of the gases before entering the ordinary 
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Gay-Lussac coke-tower. On its bottom there is a grid, 
covered with a little coke, merely to distribute the gases. 
On the top there are several spray-producers, of the shape 
shown on p. 752, Fig. 245, made of pljtinum, by which a fine 
rain of sulphuric acid is produced in the tower. The gases 
passing through it yifld up a large portifti of their nitrous acid, 
so that much less work semains for fhe Gay-Lussac tower to do. 
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This plan has |>een triejj at several ^vorks, but wi^h only 
moderate success. • I’robably the acid-cirops fall down too 
quickly, before the gases have had .sufficient time to act upon 
them. 

The apparatus for absorbing gases by liquidi^ patented by 
Hoffmann and Carlisle (Ger. F. 48283), is shown in l'ig.s. 273 
and 274. It consi.sts of a column or tower, fitted with groups 
of spouts, a rt, inclined ,in opposite directions, in connection 
with overflow ve.ssels, h b ., This apparatus is also intended to 
make sulpfiuric acitF from sulphur “ evaporating ” at the same 
time with nitric acid, both of them being forced into the 
apparatus by an injector, while the “spent gases” are forced 
back by another injector into the sulphur-chamber. It is not 
stated what material this apparatus is to be made of, and the 
very curious proposal for making sulphuric acid last de.scribed 
will suffice for judging of its technical value. 

Very similar to this is the apparatus of Izidore and Discons 
( 15 . F. 19907 of 1898; Ger. F. 10C022), which contains inclined 
channels attached to the sides of a chamber through which 
sulphuric acid is run for the purpose of absorbing the nitrous 
vapours. 

Distribiitioii of the feeding-acid. 

For working the Gay-Lussac towers (qs well as GJover 
towers, etc.) it is of great importance that the supply of 
sulphuric acid, which* is to deprive the gases of their nitrous 
acid, be e-xactly regulated, and that from the beginning this 
acid be spread equally over the coke; otherwise too much 
sulphuric acid is usdd, and yet the gas may pass through the 
tower without giving up the whole of its nitrous acid. Special 
care must therefore be taken in the construction of the 
apparatus for spreading the acid. At one time this was 
performed by a number of small taps which evidenlly c^jinot 
be regulated for a very slight flow without danger of being 
stopped up, or by “ tumbling boxes ” and the like. 

We shall first describe an arrangement for distributing the 
acid, which was origipally applied ht the Aussig chemical 
works by Mr Schaffner, namely the acid-wheel. In this the 
supply of acid is reflated by a, single’ tap, which can be 
opened wide enough to ’prevent it *from being so easily 
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obstructed as the sixteen small taps ;'n the former arrangement. 
Fig. 275 represents this apparatus on a sdale of 1:25. In the 
top of the tower there are sixteen holes, f, through which the 
acid trickles on to the coke below. Each hole has an upstand¬ 
ing rim about 1 j in. in height, which i.s covered by a lead cap, 
nicked at the bottom in a few (daces to the depth of | in., so 
that the acid can pass through without hindrance. As soon as 
the top of the tower is covered with acid to the depth of that 
rim, the acid runs over into the insidj of the tower; ^ut no gas 
can escape through the holes, as they are Ihted with acid. The 
spreading of the acid is effected by a small reaction-wheel U, 
fed from the tank T by the tube a and the tap />, which 
regulates the supply. The lower part of the wheel and the 
two arms con.si.st of lead ; in this i.s fixed above a strong glass 
tube, and below another short glass tube, drawn out to a point 
which runs in a socket of glass or lead. One of the arms is 
also fitted with a glass tube, from which the acid runs out. 
There is a guide, consisting of two (larallel rods of lead or of 
wood covered with lead, which rest on frames fixed in the 
holes (■ (■ of the to()-frame, and on uliich four glass tubes are 
placed close to the upright column of the ap|)aratus, so that they 
form a square within which the column revolve.s. .As soon as 
the column is filled with acid the w'heel revolves regularly, the 
liquid running oqt of the open arm. The quantity of the acid 
run in rules both the height to which the column is filled and 
tlje velocity of its revolution. The axle of the wheel is exactly 
in the centre of the tower; and a cylinder of lead about 4 in. 
in height is burnt to the top of the tower, so as to prevent the 
acid from getting to the centre. From This cylinder sixteen 
radial ledges, </, also made of lead and burnt to the top-lead of 
the tower, branch off at equal di.stances. These are continued 
in a straight line as far as the periphery of an imaginary 
circl.e, be;'bnd which the wheel cannot discharge any acid, and 
then alter their direction; so that between each two of them 
one of the above-mentioned sixteen holes is placed. Thus 
the top of the tower is divided into sixteen compartments, 
each of which contains ‘an opening fq^ running off the acid, 
and all of.which are fed by the wheel with an equal quantity 
of acief. ’ * 

In England the Spreading-apparatus is generally made 
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altogether of lead ; we».shall, further pn, give jj. drawing of such 
a spreading-wheel in the description of the Glover tower. 

Since it happens now and then that the reaction-wheel 
stops, especially with a small feed of acid, the arrangement of 
Seybel, at Losing near Vienna, can be recommended, by which 
the wheel at each revolution strikes against a bell audible from 
below. 

Even the best constructed acid-\vheels are liable to get 
-Stopped now and then, and this sornetimes causes a great deal 
of trouble if it is not at once perceived, as vhe tower then ceases 
to work properly and much nitre gets lost. Hence a new 



system has been pretty generally introduced, which works quite 
as well as the acid-wheels without a rrtechanical movement 
liable to get disturbed. It consists in running the acid into a 
vessel provided with a number of overflm’s kept exactly at the 
same level, each of these communicating with a separate pipe 
which loads the acid into the tower. This .system can be 
carried out in a variety of ways, one of the best of which is 
shown in Fig. 276, as seen from above, Fig. 277 in transverse 
section. Fig. 278 in perspective view, with the sides partly cut 
away. From the top ir the liquid rurvi into the central vessel 
A. The caver b is not exactly necessary, but is best provided, 
and is'rrade loose, so that the interior of A is easily accessible. 
The cylinder A is nickekf at the bottom, so that it communicates 




GAY-LUSSAC TOWERS 


803 


with the wider bij# lower trough B. Thii^is provided alLround 
its circumference with overflow-lips, c'c, which may be aose to 


<i 



Fig. 278. 


one another; sometimes 30 or 40 of these arc made. They 
must be arranged in such a way tijat when B is once Jitled^ all 
the overflows, c c. function precisely atike; this can be easily 
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attained by dressing tiie lead of thc^. lips a'liftle up or down, as 
the caffe may be. Once right, they always act in the same 
manner. The trough B is surrounded by the wider trough C, 
which is divided into as many cells as there are lips in B. 
Each cell is jndependent of its neighbour; but the partitions, 
e are cut out on the top, so that, in case of the pipe of any 
one cell getting stopped up, the liquid overflows into the next 
cells. Iiach cell is also provided with a separate pipe d, made 
tight in its bottom, and hydraulically scaled either there, as it 
is shown in the diagram, or el.se on or wKhin the tower. The 
whole is generally, in the case of Gay-Lussac towers always, 
made of lead, but it may also be made of earthenware, iron, or 
other materi.'il suitable for any special case. 

Briegleb (Gcr. i’. 10386) has constructed a distributing- 
apparatus consisting of a cone made of regulus metal, on the 
top of which a jet of acid is directed. The upper part of the 
surface of the cone is plain, but the lower part is fluted, so that 
the acid is distributed into a number of jets which are caught 
in a circular ves.sel surrounding the base of the cone, and are 
.separately carried away by pipc.s. ‘ No doubt this apparatus 
can be made to work properly, but it is much less easily kept 
in order than the simple overflow apparatus .shown on p. 802. 

In the ca.se of towers of great horizontal section, where the 
number of pipes ^coming from the di.stributor is inconveniently 
large, much may be saved by employing only one pipe to 
eyery four holes on the top of the towt r, each pipe ending over 
a small trough placed at the poiiit of intersection of the lines 
connecting these four holes; these small troughs will then 
empty their contents sinniltaneoush- into 311 the four hole.s. Of 
cour.se the same precautions have to be taken for securing an 
equal flow into all the four holes as mentioned in connection 
with Eig.s. 276 to 278. 

ingenious, but somewhat complicated distributing- 
apparatus, in which a mechanical revolving drum is employed, 
is described in the patent of Brock and Saye (No. 11492 of 1885 ; 
/. Soc. Chem. hut, 1886, p. 487). 

Hommel and the Metals Extractimi Corporation (B. P. 
19668 of 1908) de.scribc a special form of the apparatus for 
dividin'g,ihe acid in Gay-Lussac or Glover towers. 

Klute and Ising (G'tr. P. 209276) place between the acid- 
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tank and the distjfiUuting apparatus a flaat-valvc provi(k;d with 
several outlet pipes‘which can be shut off separately, so that in 
case of altering the supply of acid each pipe is opened entirely 
and cannot be stopped up by foreign bodies, which easily takes 
place in the case of partially opened valves. , 

The action of a column (whether it be a Ga\’-Ln,ssac, or a 
Glover tower, or a hydrochloric-acid condenser, etc.) is, of 
course, all the more effiejent the more uniformly the feeding- 
acid is distributed over its whole area. It is ecpially self-evident 
that towers of a largfc horizontal section require more feeding- 
places than narrow ones. It may be laid down as a general 
rule that there ought to be no smaller number of distributing- 
pipes than one to each superficial foot of the cover of the 
tower; but this is a minimum which is greatly, and no doubt 
advantageously, exceeded at many works. 

Another way of dividing the feeding-liquids for absorbing, 
condensing, and reaction-towers is dc.scribed b)' the h'arben- 
fabriken vorm. Fr. liayer & Co. (Ger. 1 ’. 241767). They 
employ layers of a porous material, like sand, powdered coal or 
metals, or plates, rods, siftall tubes, etc., of a porous material, 
like burnt clay, sintered quartz, porou.s cement, etc., through 
which the liquid sinters and is made to drop off at suitably 
arranged edges or points. By changing the grain, the porosity 
and the thickness of the porous layer, as weH as the height of 
liquid on the dividing plates, the velocity of feeding can bt 
regulated at will. 

The regiiliXrily of the supply of ueul to the coke-tower is of 
the utmost importance for its good working. The whrde acid- 
chamber process is so*constituted that its course must be kept 
as continuous and uniform as jrossible, and the large bulk of 
the lead chambers in this case serves as a regulator, similar to 
the air-vessel of a blowing-engine, .so that the gas, on leaving 
the chamber, issues, or at least ought lo issue, wTUi nparly 
absolutely uniform speed and composition. In similar intervals 
of time there will therefore be a similar quantity of nitre-gas 
leaving the chambers; and this in the ab.sorbing-tower should 
always find the same qyantity of acid, lest cither there be an 
escape of nitre-gas or the nitrous vitriol come out. too weak. 
But if the acid flows dut of a tanjj, the ‘opening oUtfie tjap 
remaining the same, the Row will be^ much quicker at the 
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beginning, when the tank is full, tjian aflfetjvards, when it is 
partly nnpty, and the tower will thus be fed very irregularly. 
The speed of outflow of liquids decreases in the proportion of 
the square roots of the heights of liquid in the tank ; for instance, 
when the tanjc is filled to the height of 4 ft., the flow of acid 
will be twice as fast as when it only stands 1 ft. high—both 
being cases which often happen in practice. 

In order to secure a very regular supply of absorbing-acid 
to the tower, several arrangements have been adopted—for 
instance, Mariotte’s vessel (p. 709) oV the'•apparatus shown in 
Fig. 279. The vessel Z is placed with its mouth downwards in 
an open basin K, in such a manner that its mouth is luted by 

the acid contained in the basin ; 
therefore nothing can run out 
of Z. But as the acid runs 
away from E through the pipe b 
on to the coke-tower, the level 
of E is lowered, the mouth of Z 
becomes free, a few air-bubbles 
enter,'and acid flows out till the 
original level is reached, and 
the mouth of Z is luted again. 
The valve d, with the valve- 
rod c passing thrqugh a stuffing-box, serve for closing the mouth 
of Z during the time that this vessel is being fed through .r. 

, In a simpler shape the same principle used to be applied a 
number of years ago in a few English alkali-works, as shown in 
Fig. 202, p. 531 of our second edition, under the name of 
"vacuum retorts.” which have been abafldoned as being too 
troublesome to keep in order. Very efficient is the balancing- 
apparatus, Fig. 280, A is the large acid-tank on the top of the 



Fig. 279. 


coke-tower, made of wood lined with lead, which is filled from 
timQ,to t'me. Beside it stands a lead cylinder B of equal height 
and 12 in. wide; the two communicate at the bottom through 
the lead pipe a. This pipe ends in A with a valve-seat b of 
hard lead, bored out in a taper shape. In this plays a ball- 
valve £■, also made of h*d antimonial.lead (“ regulus ”), which 
is continued below into a small guide-rod, and above into the 
lead-c6v^red iron rod d, \yhich projccfs above A, and is sus¬ 
pended by a short chain from one arm of the balancing-beam e. 



FEEDING THE GAY-LUSSAC , 807 

The latter swings^vith its centre on a stjel edge/ and carries 
on its other arm, exactly over the cylinder B, anothe/ chain, 
from which a leaden bucket g is suspended inside B. Acid is 
poured into the bucket^’- until it sinks to a certain depth in the 
acid standing in B; by pouring in more or taking out some of 
the acid in g that depth, and with it the height of acid in B 
itself, can be regulated at any time : this bucket is therefore a 
form of float, preferable to the solid lead float figured by 
Schwarzenberg. The bucket g is so weighted, and the length 



Fig. 280. 


of the chain such, that at a certain height of acid in B the valve 
c must close the opening h. The valve c with the rod (/ and its 
chain is about as heavy as the float g along with its chain, and 
closes the opening b so long as a portion of the weigl»t of g is 
neutralised by the upward pressure of the acid in B. As s6bn, 
however, as the cock h begins to run and the float sinks down, 
the rod d is raised by means of the beam r, and the ball-valve c 
leaves the opening h free; thus acid flows across into B through 
a, lifts the floaty, and c smks down into its position,^closing b 
again. Thus, by smalV oscillations of c,- always the .same 
quantity of acid will run out of B in the same time, as tliis only 

3 F 






608 REC^VElBY OE THE NITROGEN COMPOUNDS 


depends on the weighi of g and the,length*c(f the chain, but is 
indep^dent of the level of the acid in A. The ends of the 
beam e are shaped as segments of a circle, in order (by means 
of the chains) to convert their circular movement into a 
rectilinear o^ic for the rod d and the bucket g. 

The above apparatus, as formerly figured in other books and 
as employed in many factories, does not work well, and has 
even been given up in many places where it had been erected. 
In the first place, the beam is usually represented swinging on 
a pin which passes through its centre ; biA then th'e friction is 
very great and soon becomes greater by the iron rusting, so 
that the beam sticks fast. This cannot happen if the arrange¬ 
ment is that shown in the above diagram, viz., a .steel edge like 
those of delicate balances; when strongly plated with nickel 
it remains free from rust. But, above all, the valve c ought not 
to be a truncated cone, as it is generally represented, but it 
should be ball-shaped. The guiding by the arc-shaped arms of 
the beam is not so absolutely vertical that a conical valve could 
not now and then jam itself in its seat during its play upwards 
or downwards; in that case the apixiratus ceases to work. If, 
however, the valve is ball-shaped, a slight deviation from the 
vertical does no harm, as the ball always clo.ses the hole, and 
jamming fast is out of the question. Whilst those manu¬ 
facturers who had erected the above-mentioned imperfect 
apparatus were mo.stly induced to give it up again on account 
of its constantly breaking down, the arrangement figured here 
works with the greatest ease and regularity and can be highly 
recommended. At some of the largest works, from not being 
acquainted with the right way of making the apparatus, they 
have abandoned automatic regulation altogether, and leave it 
to the workmen to .set the running-off tap of the acid-tanks 
according to the level of the acid—a very rude method, which, 
accprdiij^ to the explanation just given, there is no reason for 
retaining. 

(Whenever “lead-covered” iron rods are mentioned, it 
should be understood that for this purpose the iron rod is put 
into a pressed lead tube' of convenient bore, and both ends of 
the latter are soldered up.) 

Fijr.,,281 shows'a new kind of 'acid-tap introduced by 
Ernst March Sbhne Vit tharlottenburg, constructed entirely 
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different from t]>e’usual,way. The cantral part coiyists of 
stoneware, and is cAnnectcd with the two end pieces made of 
antimony-lead, by means of screw- 
bolts. The plug of the tap is 
firmly pressed down by means of 
a metal screw on the top, so that 
there can be no leakages, but the 
plug can be loosened wh^n stuck 
fast. It is claimed that these laps 
combine the advantSges oi' metal 
and stoneware taps. 

Some works employ for regu¬ 
lating the rate of feeding the contrivance shown in Fig. 2Hc, 
which is interposed between ta]) n and the central vessel :\ in 
the ap|)aratus, Fig. 378. The liquid runs from n into a leaden 
box, divided into two compartments, U and F.. 1 ) communi¬ 

cates with E by the four pipes, /, gq It, i, placed at different 
levels, and the lip /•; K is at the bottom provided with a wide 



Fig. 281. 







Fig. 282. 


outlet-tube /. According to the width to which tap 22 i« opened, 
box D will be more or less filled ; with the strongest feed the 
acid will run into compartment E out of all four pipes and the 
lip k ; with a smaller feed fewer of the pipes will come into 
action. Supposing the attendant to be instructed to work with 
three pipes, he will have to see that the acid runs out only 
of f,g, and h, the pressure being almost constant atihe leyel 
of h. This, of course, is greatly preferable to regulating the 
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positio|[i of tap a by m^re rule of thymb, arfd^it operates inde- 
pendenlly of the level of acid in the mai» reservoir to which 
tap D belongs. This contrivance acts very well. 

Wild’s apparatus, called “Semper idem” (made by the 
^ Vereinigte Thonwaarcnwerke, Charlot- 

fl tenburg), reali.scs a completely uniform 



velocity of outflow by means of a siphon 
floating in the^liquid, so that the differ¬ 
ence of level between both arms of the 
siphon remafns alvtays the same. The 
outer arm carries an index fixed to the 
plug of the tap, by means of which the 
speed of outflow can be made to vary 
at will. The first rough regulation is 
produced by a ball-valve. All this is 
made clear by Figs. 283 and 284^ and b. 

Where the pulsouietrrs, to be de- 


Kig. 283. .scribed below, are introduced, probably 


one of these is provided for each kind 
of acid : Glover-tower acid, Gay-Lussac acid, chamber-acid. In 
this case no special regulator for the pressure of outflow is 



required if the air-cock of the pulsometer is only opened to 
such an extent that the apparatus can work day and night 
without pumping up too much acid. The acid-tanks on the 
top of the,towers are once for all filled up to a proper height 
and aae^kept at this by the play of the pulsometer with un- 
im'portant change of le»el. * 
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Centralisedu'O/liingof tiv Gay-Lussac 'i'owcrs .—The fo^owiii^' 
very perfect system Is followed at the Griesheini works/ Seven 
sets of chambers are employed, each possessing ordinary Gay- 
Lussac towers; the whole of these communicate with a large 
common tower, of a horizontal section of lox^o ft., which 
receives the fresh acid of 142 ' Tw., divided into 480 jets. The 
resistance in this tower amounts to up to 1 in. of water. 
The weak nitrous vitriol formed here is pumped up and feeds 
the ordinary Gay-Lussac towers. Since these require variable 
quantities of acid, tl’is is divided among the seven towers by 
an acid-wheel having seven chambers of variable dimensions, 
formed by slightly inclined movable spouts resting on the 
partitions between the chamber.s. By shifting these spouts 
backwards or forward.s, the time of feed and also the quantity 
of acid serving each compartment can be varied at will. From 
each compartment a pipe conducts the acid to one of the Gay- 
Lu.ssac towers, where it is .again subdivided in the ordinary way. 
(In the same works there is a similar arrangement for dividing 
the strong nitrous acid, chamber-acid, and nitric acid among 
the .seven Glover towers, placed at a considerable distance from 
the central office.) F'igs. 285 to 2.88 illustrate the above. F'ig. 
285 shows the acid-wheel, supported by the glass bulb n, float¬ 
ing in a ve.ssel filled with sulphuric acid. This avoids all 
friction, so that the wheel never stops. The glass point /8,and 
a short piece of tubing at the bottom form one of the guides; 
a thimble d, just befow the funnel, constitutes the othor 
guide. VVe notice the seven compartments a, b, c, d, c, /, g, 
and the spouts y (Fig. 288), which can be moved backwards 
and forwards, and thus admit of dividing the supply at will. 
Thus, for in.stance, in F'ig. 288, which represents a .section 
through all the seven compartments (projected on a straight 
line), we find that the acid is divided among the six compart¬ 
ments (I, h, c, e,f,g in the proportion 7, 7, 7, 8, 5, 8 ; (/•receives 
nothing, because the set of chambers to which it belongs is 
standing still. 

At Griesheim the nitrous vitriol is thus brought up to a 
strength equal to 60 g. NaNOj per litre, and the total con.sump- 
tion of nitre has been brought down to 0 83 per iw H^SO,. 
This system allows of keeping one oi the sets with an frxcess/if 
SOj (which is very good for concentration in platinum), since 
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the exit-gases from'this sy|tem are neuttalised by the ^»>ses of 
the other sets in the'central tower. * 

Pumping-appixrntiis for Add. 

It is rarely possible to feed the acid-tank on tijc top of the 
absorbing-tower with concentrated vitriol by natural fall; where 
the concentration takes place in the Glover tower, that 
possibility is excluded fpm the outset. There is therefore 
need for dnx^apparatus to force the acid up to the top of the ahsorh- 
ing toxver; the same* apparatus will also serve for forcing the 
nitrous vitriol and the chamber-acid to the top of the denitrat- 
ing tower. Ordinary force-pumps cannot be employed here, 
because these cannot be made without using metals which are 
acted upon by the acids, at least not for such quantities as have 
to be treated in this case. Fortunately, we have two metals 
which resist the sulphuric acid very well, viz., cast iron and lead, 
and with the aid of these an apparatus can be constructed in 
which the force-pump acts only indirectl)', viz., through the 
compression of a column of air, which thus enters into the 
forcing-apparatus proper Vnd conveys the acid to any desired 
height. 

The ordinary plan of working (introduced about i.Sj.S by 
Harrison Blair) is this, to convey air compres.scd by an air- 
pump or, more properly speaking, by a sni^ll blowing-engine 
into the pre.ssure-apparatus, above the surface of the acid, 
exactly similar to the \vay in which every chemist in his wasli- 
bottle forces the liquid up in the outlet-tube by blowing air in 
through another tube. In this proceeding there is no sjrccial 
limit of height, .so lorfg as the apparatus is made strong enough 
to resist the pre.ssure, and the air-pump is sufficiently powerful. 

The air-pumps are generally constructed in this wayThe 
steam-cylinder and the air-cylinder are both fixed on a common 
horizontal ground-plate, or cast in one piece with’Uie .s,viie; 
they are then worked by a common piston-rod with a piston at 
each end. A cross-head sliding between motion-bars gives the 
necessary guidance; and a pretty heavy fly-wheel secures 
regular action. The tdimensions df the pump arc chosen 
according to the size of the works; for a set of ohambers of 
from 140,000 to 200,000 cub. ft. ,a steam-cylinder«of 8 in. 
diameter, an air-cylinder of 12 in. diameter, and a stroke of 
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18 in,» with from 40 .to 60 revolutvJns per <pinute, suffice for 
pumpiifj; all the nitrous vitriol, concentrates.! acid, and chamber- 
acid. The coinpres.sed-air pipe in this case has i j to l| in. 
bore. Mucli care has to be taken of the valves of these pumps: 
if they worl^with too much noise, they last only a very short 
time; but, in any case, a second pair must always be ready for 
putting on when the first give way. At the works formerly 
managed by myself, 1 sent the exhpust-steam of the engine 
into the .steam-pipe for the chambers, the steam-bo^er belong¬ 
ing to which worked at only 10 lb. pressure per square inch; 
thus the steam for pum[)ing the acid was got for next to 
nothing, since only the difference of pressure before and behind 
the steam-cylinder had to be made good by consumption of 
fuel. \Cf. p. 723. This description was given in the first edition 
of this work (1879), and is therefore much prior to the very 
similar proposal of Sprengel, B. P. No. 10798, of 188C.] 

The air-pipe, which must be made of very strong lead 
tubing, is not conducted direct from the air-pump to the 
pressure-apparatus, because in that case acid would inevitably 
be squirted back into the air-cylindei*and soon ruin the valves; 
but the air-pipe is carried upwards a distance of from 10 to 13 
ft., and then as much downwards, before entering the acid- 
vessel. Close to the air-cylinder a small branch-tube with a 
cock is soldered ^on, in order to let out the air when the 
pumping is finished. Sometimes there is also a pressure-gauge 
fijeed to it: but this is not of much use; for, in the first place, 
it is soon destroyed by the violent oscillations at every stroke 
of the piston and by the acid fumes; and, .secondly, the work¬ 
man can judge much more conveniently than by looking at the 
gauge, from the noise of the pump and the valves, whether it 
works easily or heavy—that is to say, with much or little 
pressure. 

Jhe s.cld-vessel s*erving as pressure-apparatus is made in 
various forms. Originally (and even now in many places) it 
was made in the shape of a soda-water bottle, as shown in Fig. 
289, afterwards as a horizontal cylinder (Fig. 290) with bolted- 
on covers; but it is now 'more usually,,as shown in Fig. 291, a 
horizontal cylinder with one semicircular and one neck-shaped 
end, tl'fc Jatter closed by a, manhole door. These vessels are 
called “ acid-eggs.” Thfe vessels like Fig. 289 are usually lined 
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jvith lead ; those lik^ Figs. ^90 and 291 usually not. Kxiienencc 
bas everywhere *sh(»\vn that it is needless to protect «he cast 
iron of the acid-egg by a lining of Ica.l; even the nitrous v.tr.ol 
and the chamber-acid act so little on cast iron that such a 
protection becomes unnece.ssary.^ I have founc^ an acid-e^^^^ 
after five years’ continuous use for all three kinds of acid in 
entirely good working order. Lining with lead has this draw¬ 
back, that as soon as a lijtle air gets between the lead and the 
cast iron through the smallest possible chink the lead is driven 


t 



Fig. 289. 



Ft*;. 290. 


away from the iron in many places, and its protecting action 

becomes quite illusory, whilst the contents 

diminished. DUuU acids are best pumped up by means ol 

stoneware acid-eggs, as supplied by the Vereinigte Ihonwaaren- 

werke, Charlottenburg, or by stoneware puisometers 
The horizontal has several advantages over t 

■ It has been noticed that the arid-eKi;s made 

mixtures of sulphuric and nitric acid. Atcort^int ' t P 
it is preferable to line the acid-eggs in any case with lead. 
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shape :\-first, that no, well is needed for llx; acid-egg, which 
may lie'on the floor and thus is accessible All round ; secondly, 
that in the case of excessive pressure, the weakest part (viz. the 
manhole) being situated sideways, the acid squirting out is not 
so likely to iivure men and machinery as in the case of squirting 
out vertically, espcciall)' if the cylinder is placed with the man¬ 
hole turned away from the machinery. 

In I'ig. 291, A is the acid-egg, wljose walls are 2 in. thick ; 



b is the neck, with the manhole lid a fixed to it by bolts and 
nuts'; a thick india-rubter washer makes the joint tight; c is 

' Sofie mamifacturerf propose to construct /he acid-eggs without man¬ 
holes, as these may render i,' diftcult to keep d'e join's tight, but the metal¬ 
casting must be much more difficult to make in this case. 
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a recess at the tipttom A, into whicji the deliver)-^ipc ,v 
projects, in order expel the contents of A as compietely as 
possible; </, r, and/are three branch-pipes—</for introducing 
the acid, e for the air-pipe, and /(the widest of them) for the 
delivery-pipe. The pipes have each a stronp^lead flan^'e 
soldered to it, which rest on the flan^jes of the branches, </, 
by putting loose iron washers on the top, and screwing all three 
together by bolts and nuts, the joint becomes perfectly tight. 
The inlet branch d may be left open, and clo.sed after each 
filling by a small pla^e boltfed on ; but in most cases there is an 
inlet valve for the acid, of the shape shown in Fig. 292. (The 
plain stoppers with lever-rods, figured in Mus|)ratt's themishy, 
cannot stand any great pressure.) .A and li are acid-tanks, 
which need not be placed so close to the pressure-valve ('as 
they are represented in the diagram. C is a cylinder of strong 
lead, about 10 in. wide, whose top i.s on a level with the top of 
the tanks, but which is deeper than these, so that they may 
communicate with (! through the pipes a and coiijiected with 
their bottoms, a and h end in the bottoms of the tanks with 
valve-seats of'regulus” raetal, and are usually clo.serl by taper 
valves with long lead-covered handles : no pre.ssure upon these 
is exercised from below, and therefore they need not be 
provided with any special contrivance against this. When it is 
necessary to run the contents of these two tanks, or that of a 
third tank,not visible in the diagram, but similarly comnuuticat- 
ing with C, into the acid-egg, the respective bottom-stoiiper is 
taken out, the bottom-valve c in ('akso remaining open. 'I'he 
latter valve, which mu.st be very well ground into its regulus 
seat, communicates through the pipe with the corresponding 
inlet branch of the acid-egg. On the top it is connected with 
the lead-covered iron rod e, which ends above in a .screw-worm 
and can be turned by means of the hand-wheel /. A very 
strong iron frame, with a female thrSad corresTionding to 
the worm is bolted to the bottom-joists, i i: both the timber 
and the iron rods mu.st be very strong, as there is a good deal 
of strain upon them in screwing the valve in and out. As the 
cylinder C is equal in height to A and Ii,it can never run over; 
and when the acid in C stands at the same level as.that in the 
tanks, the valve c is screwed down 1^'ght by means of Jhtf hand- 
wheel, the corresponding Stopper i.s pht into its seat in !he 
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tanks,v'lnd the air-puiijp is started. ,The whole pressure of the 
acid, wKich has sometimes to be lifted to* a height of too ft, 
will then act from below on the valve c; and unless the latter 
has been .screwed down perfectly tight, the acid will squirt out 
violently. .^Ithough, with a little care on the part of the 
workman, this should never happen, yet several accident 
caused by men being spla.shcil with acid have ted to providing 



Fig. 292. 


the cylinder with a cover and a stuffing-bo.'c, k, through which 
the rod c^ifasses; the* splashing then does no harm, as the acid 
cannot get out. At the same time the stuffing-box serves as a 
guide for the valve-rod, which would otherwise have to be 
provided in some other way. Sometimes (not always) there is 
a small pipe provided for’taking any acid squirted out into one 
of the thrqp tanks. In this way the same acid-egg can serve 
for puftiping strong Acid, nitrous vitriol) and chamber-acid out 
of their respective tankS one after another. 
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A self-acting apparatus/or filling the iicid-cggs, constructed 
by Mr Harrison Blair, which, Mr Mactcar says (/. Sd-. Ar/s, 
1878, p. 558), works well, is shown here according to the descrip¬ 
tion in Richardson and Watts’ Chemical '/Wh/tdh^i^y, vol. i., part 
V., p. 217. A (Fig. 293) is a strong cylinder of lupd closed at 
both ends [probably cast iron would be preferable]; B a valve- 
box, and C a delivery-pipe, into which the pipe D enters a little 
above the ves,sel. D i.s continued to K, where it passes to the 
inside of the vessel, and F joins fJ at the lowest part. G is the 
pipe which brings flie air from the pump. .So long as D 
contains no liquid, the air from the vessel will pass through, 
and by thus preventing an)- pre.ssure on the lirjuid in the vc.s.sel, 
it will be filled through the valve-box. When the ves.scl is full, 
the cgre.ss of the air through ]•' being stojjpcd by the li(piid, the 
latter will be forced up E (being lower than ]•'), which, acting as 


a siphon, fills D and effectu¬ 
ally stops the pas.sagc of air. 
As the pressure of air in¬ 
creases, the liquid rises up the 
delivery-pipe and is conveyed 



to any required point, while I.'k;. 293. 


the liquid in D falls with the 

level of that in the vessel, until this sinks below the bend in D, 


when the air rushes through, carrying with it »11 the li(iuid_out 
of D. This leaves a free pa.s.sagc for the e.scapc of air during 
the time the vessel is kgain being filled, the air-pump working 
the whole time. 


At the Rhenania works the rod e of the inlet-valve c (Fig. 


292) is coupled with the air-cock (jii the acid-egg in such a way 
that when the egg is full the attendant cannot by mistake shut 
the air-cock first, but is obliged to screw down the valve c 
before he can shut the air-cock and ojjcn the connection with 
the air-pump. • 

An automatic acid-egg air-valve \i described in Chem. 1 rude 
J; xvii. p. 82 (/. Soc. Chem. hid., 1893, p. 749). The acid 
entering the egg tends to raise a wooden float, and this lifts a 
valve connected with the »ir-tap. When later on the compressed 
air forces the acid out, the float descends and the air-suj^ly is 
automatically shut just a*s the last acid is^being driven tiut. 

As soon as, in the ordinary kind of apparatus, the pumping 
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is finished, the air-pwnp, to which eow no resistance is ofifered, 
bejjinsVll at once to {'o extremely fast, arid by its noise draws 
the attention of the workman to the necessity of stopping it. 
Directly after, tlie air-cock in the pipe conducting the com¬ 
pressed air#to the acid-egg is opened. Nevertheless some 
compressed air accompanies the last portions of the acid and 
rushes vehemently out of the top of the delivery-pipe; and in 
order to prevent the neid from splashijtp about a special contriv¬ 
ance must be adopted, for instance^that shown in ^;'ig. 294. A 

leaden cylinder, open at 
top and bottom, stands 
within the tank A ; it is 
jagged out at the bottom 
in a few places; and the 
holes a a higher up also 
help to give free communi¬ 
cation betw'een 15 and A. 
.■Mso the top of 15 is cut 
out pretty deeply in a few 
'l)laces (/)/)). Within B the 
perforated plate c is sus¬ 
pended by a few lead 
strips, i i\ the whole is 
covered by a loose cover, 
(A/, which is kept at a little 
distance from the top of B 
by the lead strips, so that 
the air can escape between 
theih. d has a flange of 
8 in. depth ; in the centre 
it carries a short tube, i\ to which the “ regulus ” cock of the 
delivery-pipe h is burnt. Since it is e.xtremcly difficult to keep 
such a eock tight, especially under great pressure, it is sur¬ 
rounded below by the pipe g, which also fits into d, and thus 
carries away the droppings. This contrivance acts in the 
following wayWhen the acid forced up through h arrives 
at the top, it runs through / and e, then through the sieve c 
and into Ahe cylinder B, whence it easily passes through 
into A.* But in the jastvstage, when compressed air arrives 
at the same time with the acid, the latter cannot be squirted 
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about, nor can tbe'curren^t of air act upon the surfaccof the 
acid within the tank so as to splash it about j for it i^ broken 
by the sieve c, and escapes throii<;h tlie opening's of ,■ and the 
annular space below d without doin^' any damage: the acid 
accompanying it runs quickly down through the,sieve c. The 
cock/and the pipe g are required only when a single acid-egg 
has to feed several tanks placed, at a considerable distance 
apart, for instance one on the absorbing-tower and two on the 
Glover tower; for then the delivery-pipe must be divided into 
two parts, and each* must'be provided with a stop-cock, only 
that leading to the working tank being open. If, however, the 



tanks to be filled arc [ilaced close together, no cocks are required, 
but the simpler arrangement, Fig. 295, can be employed, which 
may also be made much smaller than (for the s.d<e of clear¬ 
ness) is here indicated. Within the same lead-lined box A 
there is a special compartment, B, constructed by dieans of a 
lead partition, a, and cover, b. The side of B is jagged out at 
the bottom at c c, in order to communicate with A. The 
delivery-pipe fits into the cover the air rushes against the 
sieve # and escapes out pf the pipe/without doing any harm. 
In the bottom of A there are three valve-seats, h, and 
connected with as many pipes leading to‘different tapks ; but 
only one of the valves is left open at a tfhie; the two others are 
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closed*by plugs, anc^ the tanks cpmraunicating with them 
therefor^ receive nothing. r 

In smaller works there is usually only one acid-egg,which serves 
for pumping all the .strong acid, nitrous vitriol, and chamber- 
acid, one afte^the other. In this case the air-pump has nothing 
to do during the time that the egg is getting filled from one 
of the tanks; if the cubic contents of the chambers do not 
exceed 200,000 cub. ft., there is time enough for that. But 
where the chamber-space is larger, two acid-eggs, at least, will 
be required, of which one usually serves fof the strong acid and 
nitrous vitriol, the other for the chamber-acid ; in this case the 
same air-pump can do all the work if the air-delivery pipe is 
provided with two branches and two stop-cocks, one of the eggs 
always getting filled whilst the contents of the other egg are 
being pumped up ; the air-pump is thus fully utilised. 

John.son and Hutchinson (B. 1 ’. 8141, of 1885) de.scribe a 
combination of three upright vessels, so connected that the 
compressed air contained in one is always utilised in the next, 
and is not lost, as in the usual process. 

A somewhat different kind of acid-lifting apparatus is 
Laurent’s pulsomctcr. It is made of cast iron for sulphuric acid 
with lead pipes (Figs. 296 and 297), and of .stoneware for 
hydrochloric or nitric acid (Fig. 29S). In the former case the 
joint between thc^ cover a and pan b is best made good by a 
lead washer, in the latter case by an india-rubber washer; c is 
the manhole, with the rising-main d and the pipe c for com¬ 
pressed air. The rising-main d has a side connection with the 
swan-neck pipe f. The feed-pipe g is connected with the store- 
tank h ; the latter must be fixed at such a height that even 
when the pulsometer is quite full, and h nearly empty, there is 
still a greater head of liquid on the pulsometer than the length 
of pipe J. The clack i (which may be replaced by a ball-valve 
or by a Btinsen valve, as shown in Fig. 298) prevents the acid 
from being driven back into h whilst rising in d. Pipe d must 
be fixed in such a manner that it can be taken out together with 
pipey, in order to attend to the latter. 

The play of the apparatus is as fpllows:—The acid runs 
from h through g into b, during which time the air, continuously 
being forced in through e frgm the air-pump, escapes through / 
and d. As soon as vesiel b has been filled to the upper opening 
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of/I the air cannot.e'scape Vfry well, and ajittle pressure ensues. 
In spite of this, thiough the momentum of inertia, t)ie acid 
rises still a little, arrives at the top of the siphon (at X'), and 
causes this to act, whereupon the level of the liquid in all the 
pipes becomes that of the outlet of /, that is w., A.s the ;iir 



Fin. 2gfj. 
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cannot now escape, the pressure gradually gets up and the 
liquid rises in pipe but sinks in vessel A As the pressure on 
the surface of liquid in 6 must be the same at all points, and 
each point has also to be^r the counter*pressure of the column 
of liquid in (/, the acid must sink exactly as much irvthc outer 
limb of/as in the vessef^, and the jevel rtlust at last#rrfve at 
«. Now as the column of liquid between the lower end / of 
. .1 O 
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pipe (/ and the uppe.r outflow at <j. is stilt rather higher than 
that frcrn the lowest point n of the siphon to the outflow at o, 



the air must throw the 
acid from n out of r>, the 
pressure within b must 
cease, and the vessel b 
must be filled again from 
h through i and g. Even 
if a little acid had acci- 
dehtally run back from 
d into / and filled the 
siphon, this would not 
prevent the filling of b 
from //, since this tank 
(as we have seen above) 
is placed high enough 
for this purpose. 

If during the forcing 
up of the acid the out¬ 
flow from 0, owing to 



410. 29,-. 
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the friction in d, were not so great as qirresponds to the volume 
of air entering at b, strong pressure will ensue on the surface 
of the lipuid in and at^, last the acid in siphon / would be 
forced to point « befdre the outer' level in b had sunk to that 
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point. Then air wiy bubble up yirough ;/ into'rf and 
out of 0, and will •keep the liquid column suspend#!. This 
bubbling can be perceived when the ear is put clo.se to (i, and 
can be remedied by closing the air-pump cock a little, and 
afterwards regulating the pressure in the following way:—In 
the air-pipe e, which is ] of an inch wide, a flanged joint is 
made between the cock (not shown here) and the cover c, in 
which a copper disk is jdaced, perforated with a pin-hole (say 

in.). If in ca.se of the cock being quite open this hole is still 
too wide, so that lae air, instead of lifting the acid, bubbles 
through r/, the pin-hole is narrowed to the required extent .so that 
in future the tap may be opened fully whenever the ap|)aratus is 
to act. It can then go on for many ) cars without any super¬ 
vision, unlc.ss the valve / gets obstructed by impuritic.s. 

Since, during the time /> is getting filled, the air escapes 
without being utilised, it is best to place the tank /i at least 
5 ft. above />, and make pipeg’' very wide, so as to shorten the 
time of filling. The compressed air must always be under the 
same pressure, and the air-pump must therefore have a regulator 
of some kind. The pin-iiole in the rcgulating-ilisk must be 
arranged for the highest pressure which may be expected. 

It is possible to lift liquids to a greater height than corre¬ 
sponds to the pressure of air present, by placing a second 
puLsometer midway up the height to be overcome, and regulat¬ 
ing both pulsometers so as to act together. Above all, valve / 
must be kept In order; for strong sulphuric acid it must t)C 
made of lead (regulus metal), and very carefull)’; for chamber- 
acid or hydrochloric acid it may be made of india-rubber. 

This apparatus, tince properly set, acts day and night 
without any supervision ; it is started or stopped in a moment 
by opening -a tap. 

Fig. 296 shows a pulsometer of 50 1 . total, and 40 1 . available 
space; the rising-main must be ijl in, wide; in the ca.se pf a 
wider pipe part of the acid would run back and air would rise 
up. The apparatus can act thirty times per hour, and lift 25 to 
30 cb.m, (say 875 to 1050 cub, ft.) per twenty-four hour.s. Fig. 
297 shows an apparatus»intendcd for greater speed ; there is a 
rising-pipe, ^r, of i to l j in. width, provided with a valve, and a 
much wider feed-pipe, c* also provided with a valve, ^'he latter 
must always be full; the outflow thus takes place under the 
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pressui^ of the liquid /;olumn d e, iqid therefore very quickly. 
Fig. 298^ shows the form best adapted (or stoneware vessels, 
which should stand a pressure of 4 atm. 

Simon (Z. angew. Chem., 1890, p. 356) describes a combina¬ 
tion of two synilar pulsometers which utilises the compressed 
air otherwise escaping during the filling of the vessel, the 
apparatus being connected by a Y-pipe and automatic ball- 
valve. 

The principle of the pulsometer has been imjjroved by 
replacing the siphon by a float-valve ai!d most thoroughly 
worked out by Paul Kestner, of Lille, London, and Berlin. 
Ilis pulsometers are illustrated and described in our vol. ii., 
2nd ed., pp. 408 et seq. ; in the present volume wo have also shown, 
on p. 259, a Kestner's pulsometer as constructed for nitric acid. 
Most chemical works now employ the.se apparatus, and speak 
very highly of them ; many works have abolished the acid-eggs 
entirely in favour of Kestner’s pulsometers. 

At Freiberg, in 1902, Kestner pulsometers (which are .still 
doing very good work) were in use, as well as real pumps. One 
kind of thc.se is made of antimonial Icfad (“regulus metal”) with 
valves of phosphorus-bronze, another consists of a ca.st-iron 
barrel, lined inside with lead, with a porcelain ram and 
phosphorus-bronze valves. The former serves only for pumping 
up to 33 ft, the latter up to 80 ft (25 m.) by means of a lo-in. 
conduit Both these and the Kestner pulsometer, which is used 
fqr the Gay-Lussac and precipitating towers, give entire 
satisfaction. 

In the J. Sflc. C/11'111, fiid., 1903, p. 337, Kestner discusses 
various systems of automatic acid-elevatofs, and in C/iem. Zeit., 
1910, p. 734, he describes a special form of his pulsometer with 
back-suction for hot gases and for high pressures. 

Guttmann (/. Soc. C/icin, Ind., 1903, p. 1333) greatly recom¬ 
mends 5 'ropont’s ediulsifier, described in Z. angew. Chem., 
1903! p. 915- 

Recently Kestner has greatly improved his pulsometers, the 
new shape of which he styles; "Panzer Saure-Pulsometer” 
(armoured acid-pulsomet'ers). Model *A, shown in Fig. 299, is 
made of cast iron for use with strong sulphuric acid or caustic 
liquor’ f«r weaker sulphufic acid it is lined with lead. The 
aerd runs from the tank A, placed at an elevation, through valve 
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M intoHhe puIsomcter,R When thif is filled^ the acid lifts up 
the floa^ X, whereby the rod C opens the inlet-valve in the 
air-distributor D and shuts the outlet-valve, so that the air 
forces the acid upwards in pipe T'. Part of the compressed air 
at last enters jnto T; dwing to the ensuing diminution of the 
pressure the float descends and opens the air-outlet, the air- 
inlet being shut. Thus the.force-pipe T can be left without 
a valve, which greatly increases the_ safety of the apparatus 
and the simplicity of working it. l‘'or use with h^’drochloric 
acid the pulsometer is lined with e'bonite* or it is made of 
.stoneware, like the pulsometers for nitric acid. Model B 
provides for the ca.se that the spent-air must be separately 
conducted into the open air, I’.ff. when pumping fuming oil of 
vitriol, solutions of sulphur dio.xide, etc., and for feeding filters, 
spray-producers, or similar purposes. This form is .shown in 
P'ig. 300. The platinum wire A, passing through an acid- 
proof stuffing-box, carries the float C, and on its upper end 
cau.scs the turning of the pulley M, which works the stoneware 
tap F .so as to admit or shut off the air. 

Mr Kestner states that his new'pulsometcrs arc used in 
most German and Austrian acid-factories. Altogether 7000 
of his pulsometers have been sold. 

Automatic acid-elevators are also made by the Uoutsche 
Steinzeugwarenfabrik in Fricdrichsfcld (Ger. I’s. 145599 ^^nd 
145660), as described in Uteiii. /in/., 1905, pp. 432-433. 

^ The firm Paul Schiitze & Co., at Oggersheim (Pfalz), manu¬ 
factures automatic acid-eggs of a special construction which 
have stood the test of many years’ practical experience. They 
are described in C/ifiii. Trade J., 1905, xxxvi. p. 90. 

Plath has constructed an automatically acting acid-egg, 
supplied by the Deutsche Ton- und Steinzengwerkc at Charlot- 
tenburg (Ger. P. 159079). In Z. angeiv. C/iem., 1907, pp. 1186 
et se<j., he^dtscribes sA'cral modifications of it. 

Some improvements in apparatus for raising liquids by air- 
pressure are described in the B. P. 10051, of 1907, by Scherb. 

C. Simon, of Stolberg, has constructed a pneumatic acid- 
pump, provided with an automatically«acting piston-governor, 
which i.s stated to be superior to the regulation by floats in 
varioul rtvspects. Cf) also IJlath on mechanical means for rais¬ 
ing acids, Z. angezi'. C/ihn., 1902, p. ijii. 
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Tit Meyer (Z. an^iv. Chem., 1915, pp. i 556 '* 559 ) shows that 
the wa.‘^c of power in raising the acid hy compressed air is 
enormous; the effect produced represents only 2-4 per cent, 
of the theoretical 71 per cent, of the motive power consumed 
in h sulphurif-acid factory is required for the raising of acid by 
compre.ssed air, at a cost of 5-67 pfennig per 100 kl. acid 50° 
B6. It is therefore an important task to find out a cheaper way 
of attaining the desired result, and this Meyer claims to have 
done, in the shape of a ceitlrifu^i^alpump ("Turbo-pump”), made 
of antimony-lead, built by the ffrm S'achsisch-Anhaltische 
Arniaturenfabrik at Bernburg. He calculates the useful work 
of this pump = 19 4 per cent, of the theoretical, that is, eight 
times as much as that required for the acid-egg .sy.stem, and a cost 
of only 071 pfennig per 100 kl. acid. Me claims also some 
other advantages of his pump against the acid-eggs, viz., (1) less 
wear and tear of the acid-conduits, since there arc no violent 
shakings by the air, but quite even work; (2) from the same 
reason, less loss of power.in the rising mains; (3) automatic 
working, without an attendant; (4) no escape of nitrous gases, 
which is unavoidable when raising niProus vitriol by compressed 
air; (5) less cost of plant. 

The Badi.sche Anilin- und Sodafabrik (Ger. P. appl. 
B60169) employs for their acid-eggs an automatically moving 
governor-tap, which is set into motion by a mercurial differential 
press*ure-gauge. 

A review of the recent progress in the construction of 
automatic apparatus for raising liquids by compressed air is 
given by Dcimler in Chem. Ind., 1911, pp. 39-46. 

We now pass on to the construction 'of tanks or reservoirs 
for sulphuric acid (much of which will apply also to hydrochloric 
and nitric acid). Open reservoirs for sulphuric acid are always 
made of lead, usually in the way shown in Fig. 292 and else¬ 
where, viz.,'a strong wooden frame to which the lead sides are 
fixed* by means of straps, turning the upper edge over the top, 
just as in the construction of chambers, or else a box made 
entirely of wood with lead lining; in each case the thickness 
of the lead need not exceed 5 or 6 lbs. per superficial foot, if the 
wood frame is so constructed as to take all the side thrust; 
but it ds preferable to use,.thicker lead, say 9 or 10 lbs., on 
acc'ount of wear and tekr. Where it is intended that the acid 
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run into the tank.in a hoj,state should ^ool therein, tht* tanks 
are much better made circular in shape, of much thic^ier lead 
(say 10 lbs. or more), and strengthened on the outside with 
strong iron hoop.s, which may be connected b\- strong cross¬ 
stays in the case of very large tanks. Considcrinji the increase 
of pressure from the top downwards, the binding-hoops should 
be placed nearer together in the lower part of the tank. 

Even brkhviirk may serve for acid-tanks (sulpluiric, hydro¬ 
chloric, nitric acid), if the bricks, tiles, stones, etc., are acid- 
proof. Volvic lava “is the best material {cf. later on). The 
mortar in this case should be that de.scribed on p. 149, viz., a 
paste made of asbestos powder and silicate-of-sotla solution, with 
or without some other solid admi.xture, as barytes, etc. This 
mortar should at first not be brought into contact with water, 
which would dissolve out the sodium silicate, but at once with 
acid, which causes silicic acid to be separated in the solid state 
and to render the joints perfectly tight. 

For closed tanks for sulphuric and strong nitric acid the be.st 
material is iron, either cast or wrought iron, as may be most 
suitable for constructive purposes; and this material is also 
adapted even for pipes, etc., in cases where no air can enter, 
whose moisture might dilute the acid. 

Working the Gny-Lnssac Tower. 

After the above explanations but little need be said as to 
the working of the absarbing-tow'cr. The following points hayp 
to be observed in this respect. 

The gas entering the tower must show a distinctly red colour 
in the “sight"; on the other hand, the exit-“sight," behind 
which a board painted white ought to be placed, should show a 
perfectly colourless gas. The gas escaping from the top of the 
tower, or of the chimney connected with it, ought not to 
produce any considerable amount of red vSpours whea it m^ets 
the outer air (see below). Furthermore, the chamber-gas before 
entering the tower should be as dry and as cool as possible, lest 
the ab.sorbing-acid be diluted or heated. For this purpose the 
last chamber receives vary little, sometimes even no steam, so 
that its acid remains at about 106° Tw.; moreover the gas is 
often conducted through a long pipe or a tunnel, »r ihto a 
shallow box with several vertical partitions, where it has to 
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move‘backwards anjl forwards, these. cooling-apparatus 
water njay be applied outwardly to assist the cooling, especially 
in summer-time. Sometimes the bottom of the box is covered 
with strong vitriol, in order to dry the gas; this, however, to a 
ceftain exti^it, only anticipates the tower. Hartmann and 
Henker {Z. augeiv. Chem., 1906, p. 136) employ a tubular cooler 
for the same purpose. The udphuric acid serving for absorption 
must show at least 144' Tw.; but this is only "a minimum, 
which ought to be exceeded if possible; acid of 1^8° absorbs 
much better, that of 150" or 152’Tw.* better still; wher¬ 
ever possible, acid of 152' Tw. should be employed for the 
absorbing-process. Such acid can be got without any difiiculty 
from the Glover tower—not quite so easily from pans placed 
on the top of the pyritcs-burjiers, where the acid rarely gets 
beyond 144". .Schwarzenberg even proposed to use acid of 170° 
Tw., because it ab.sorbs three times as much as that of 144’; 
but this is out of the question, owing to the large additional 
co.st of concentrating from 152" to 170”. 

Above everything, care must be taken that the acid used for 
absorbing is as cool as p(jssible. Hot acid absorbs very badly ; 
much nitre is lost, and at the same time a weak nitrous vitriol 
is produced, llorntrager {Diiivl. polyt. /., vol. cclviii. p. 230) 
goes so far as to suggest cooling the acid down to s'* C., but it 
is hardly po.ssible to go to that length. In fact, at the French 
works they believe that 25" is the best working temperature. 
U is therefore necessary either to provide a very large tank for 
cooling the acid concentrated in pans or in the Glover tower 
before it is used in the Gay-Lussac tower, or else (as the 
cooling by mere exposure to the air i.s* a very slow process, 
especially in summer, and in large works enormous tanks would 
be required for it) special cooling-apparatus is employed. As 
such many works use double spouts—an outer one filled with 
water, ai;d*an inner dne, in which the hot acid travels. In this 
■ case it is rarely possible to apply the rational principle of 
running the cooling-water in a current opposite to that of the 
acid to be cooled, because, on account of the length of the 
spouts, there is no fall fcfr this, Such»double spouts also have 
a disagreejble tendency to swell out at the bottom whenever 
a littlfe rtipre pressufe tak^s place, beckuse the lead when hot 
diminishe.s in strength* which in any case is not considerable. 
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This drawback caii- uc avoided by the arr,pgemcnt sketched in 
Fig' 30*. ''iZ'. by attaching to the spout, at about evcr)-^() ft. of 
its length,a tube rising pcrpendicularl)'from the double bottom 
through the upper spout and bending over the side of the 
latter; the water can issue out of this, in case ^if ^ 
stronger pressure, without mixing witli tlie acid. km 
The upright tube also .serves for the c.scape of the 
air-bubbles wthich are often contained in the water, ' 

and which yiay stop the stream as well as cause the spout to 
bulge out. 

On pp. 551 to 553 of our second edition a tubular cooling- 
apparatus is described and illustrated, to which we merely refer 
here as it is now obsolete. 

A simpler but perfectly elficient cooling-apparatus is found 
in most German work.s. The acid runs out of the (ilover tower 
immediately into a cylindrical trough of thick lead, about 2 ft. 
high and wide, and runs out of it again through a [lipe coming 
away sideways from its bottom and turned upwards. In the 
trough there is a narrowly wound lead coil or even two such 
coihs, through which cold water is continually running from 
below; getting heated in the bottom part ol the coil, it ri.ses up 
and is taken away hot at the top. The cooling here generally 
goes down to 40 (i., and is supplemented by letting the acid 
stand in tanks; but 30° to 35 C. might easily be attained. 
This is a very rational method of cooling, because the hot acid 
running in at the top‘comes into contact with the upper, hot 
part of the water-coil, whilst the acid ultimately llowing away 
from the bottom, which is already cooled down to a great 
extent, is cooled still farther by the cold water in the bottom of 
the coil. There is also no trouble cau.sed by any dc'ijosit 
forming in the acid, if there is a sludge-valve provided in the 
bottom of the trough. 

At some works 1 have seen a good cofilcr which* l.describe 
from notes supplied to me by Ur Stahl, A flat pan, say 30 ft. 
long, 5 ft. wide, and 6 in. deep, made of wood and lined with 
6-lb. lead, is divided lengthways into ten narrow channels by 
leaden strips, 4 in. wide> and 6 in. itpart. Each strip stops 
alternately 6 in. from the ends of the pan, so that a zigzag 
channel is formed, into which a itin. or‘lJ-in. lead pi^e is 
laid, forming a coil of 2CO ft’, in length. 'The acid runs through 
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the z'igzag trough, ;yid cold watei^ in the'opposite direction 
througlj the lead pipe. Where the hot acid enters, a double 
loose lining, made of 4 ft, length of heavy 2-in. pipe, cut open 
lengthways, is put into the trough in order to protect it; this 
piece must he renewed about once every six months, and if this 
be observed the trough will not require any repairs for many 
years. A cooler of the above-stated dimensions suffices for 
cooling 18 tons of hot Glover-tower acid down to about 30“ C. 
every twenty-four hours. , 

Crowder (/. Soc. Chem. /«(/.,'1891, p. 300) describes a 
cooling-arrangement practically identical with that described 
here; and he gives details concerning its function. The acid 
travels altogether about 1000 ft., and its temperature is brought 
down from 139' or 149' C. to 28“ or 39" C. Further on (p. 304) 
he contends that such cooling is unnccessar)' (except, perhaps, 
in order to save the lead from quick corrosion), on the strength 
of laboratory experiments in which acid of sp. gr. 175 did not 
absorb the nitrous vapours from chamber-gases much less at 
100 than at the ordinary temperature. Rut as he never went 
beyond o-qy or at most 069 per dent. N./)., in the acid, his 
statements are nut to the point. We know from experiments 
made on the nitrous-acid tension of sulphuric acid that this 
increases rapidly with the percentage of N.^Oj, and in all cases 
with the rise of the temperature. In case of such low percent¬ 
ages of NjO,, as those employed by Crowder, the tension of 
fJjO., is not very great even at higher temperatures; but in 
actual work we must aim at higher percentages of nitre, in 
which case any higher temperature of the acid would act 
injuriously. This has been fully confirmed by observations 
communicated by Ilasenclever {Chan. lad., 1S93, p. 337). A 
high temperature not merely prevents the absorption of NjO, 
but even expels it from stronger nitrous vitriol. 

At liy^e works Che two systems of cooling just mentioned 
are .sometimes combined. 1 consider as perhaps the best plan 
a perpendicular cooler, similar to that which has been adopted 
at several coal-tar works for cooling benzene vapours (described 
in detail and illustrated ih Lunge’s Cottl-Tar and Ammonia, 4th 
edition, fig. 184, p. 726); that is, two short, cylindrical or 
sc|uar6 b»xes, one above ihe other, connected by a very large 
number (50 to 100) of narrow, perpendicular pipes, about 2 ft. 
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long and .V in. wide, Ae who]e .standing in a wider tank supplied 
with cooling-water. .Hot acid is run into the top bo.N^ slowly 
finds its way downward through the tliin [lipes, which po.ssess 
a very large cooling-surface, and arrives coo! in tlie bottom box, 
whence it rises up in a special pipe and is run off .almost od a 
level with the top bo.x. The bottom box must i)e provided 
with a sludge-valve. Or else the acid is contained in the outer 
tank, and coding-water i.s run through tlu! system of boxes and 
pipes just de.scribed. 

Very eflicient coo’ling in’ight be produced by tlic action of a 
current of air, eitlier by forcing this through tlie liot acid, or 
else by running this down a-tower in which air rises up by the 
action of a fan-blast or b)- chimney draught; but where very 
large quantities have to be treated, tlie su|)ply of cooling-air 
might require too much power to be economical. 

In ordinary circumstances the absorption in the Ga) -Lussac 
tower requires u/one-half of all the acid produced. This 
is obtained from the Glover tower without any other cost but 
that of pumping up ; in the case of other denitrating apparatus 
the cost of concentration Iftis to be added to this. Frequently 
the necessary quantity of absorbing-acid is stated at a lower 
figure—for instance, as one-third of the whole production; but 
this in most cases is certainly insufficient, and no doubt a large 
loss of nitre would result from it. On the other hand, manu¬ 
facturers working with Glover towers, who, apart from‘the 
trifling expense of puntping, have no concentrating-e.xqienses at 
all, send all their acid once a day through the Gay-Lu.ssac 
tower. This is quite right. Bode {On tlu' Glova- Toiler, p. 49) 
calculates that with a )o,s.s of four parts of nitre or 175 of N,, 0 ,, 
to too parts of acid of 170° Tw,, the absorption requires at least 
56 per cent, of nil the acid of 144" manufactured, if very strong 
nitrous vitriol (with 1-75 per cent, of N,20.,) is to be obtained. 
Such strong nitrous vitriol, however, is not bbtained i'n^jrdinary 
working; and therefore considerably more than 56 per cent, 
of all the acid manufactured must be run through the Gay- 
Lussac tower in order not to lose any nitre. In fact, some 
manufacturers .send much more than their daily make through 
the Gay-Lussac towers; but at some of the bcst.-ronducted 
works they manage wiA about « o* S ol fhe daily rsakd. Of 
course, everything depends upon the style of working the 
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chambers. With the ordinary sty]c, where there is about 20 
cub. ft. of chamber-space to each pound, of' sulphur burnt in 
twenty?('our hour.s, the above-quoted figures are quite sufficient; 
but the forced or high-pressure style of work, where there is 
nflt much yiorc than half the just-mentioned chamber-space 
(pp. 639 (■/ riv/., and below), cannot be kept up except by a very 
large floating ca[)ital of nitre, and in this case twice or more the 
daily production of acid has to pass through the Gay-Lussac 
tower. 1 am ac(|uainted with two very large English works 
(belonging to the same firm) in which the quantity of acid run 
down the Gay-Lussac towers is from three to four times the 
daily make ; and in this case the ordinary chamber-space of 20 
cub. ft. is allowed, lint it seems doubtful whether such an 
enormous feed of the towers is advantageous (apart from the 
cost of pumping), considering the action of the coke on nitrous 
vitriol (p|). 350 and 791). At other works I have found i j or 
1.1 times the daily make of acid run through the Gay-Lu.ssac 
tower, and so forth. 

At Grei.sheim they emjdoy 65 per cent, at Stolberg (1902) 
about 200 per cent, of the daily mawc of acid for working the 
Gay-Lussac tower. 

Sorel {TfitiU, [). 312) supplied a Gay-Lus.sac tower at one 
of the St-Gobain works with 39,000 1 . acid of 60' where the 
chambers produced 275 k. II.^SO^ per cb.m., with 45,000 1. 
for'a production' of 3 0 k., with 52,000 1. for 3 5 k., and with 
62,000 1. for the “ high-pressure ” production of 4 k. per cubic 
metre. In every ca.se the average consumption of nitre was 
'0'8 k. for 100 k. bLSO.,, or 2 45 k. for 100 k. sulphur burned. 
[This statement differs very much from »hc figures by Mr G. E. 
Davis (sii/’ni, p. 640), according to which the con.sumption of 
nitre was much greater in the ca.se of high-pressure work, but 
even as regards the casie.st work it was much higher than the 
consumiJ,tibn attainetl by Sorel at high-pressure work.] 

'Heinz and Tetersen (Ger. P. 217723) assert that sulphuric 
acid of 54° to 56 Be. can absorb about four times as much 
nitrogen oxides as acid of 60 Be., and is therefore much 
better adapted for use in the Gay-Lussac. This avoids 
the necessity of further concentrating the acid coming from 
the Glovfr, which cfnly re»]uires coolifig before being used in 
the Gay-Lussac, where* it absorbs tLe nitrous gases extremely 
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quickly and witheut gettipg heated, so^ that there is'much 
less danger of loss Hhan in the present way of iisiiyg more 
highly concentrated acid. The denitration i.s also ea.sicr, since 
the nitrous vitriol does not require diluting, and this is also 
done more quickly than up to now. , 

[These assertions must be reproduced here with all reserve, 
as they are in complete contradiction to all e.vperience made up 
to now.] • 

The spcjpific gravity of the nitrous vitriol, as the acid issuing 
at the foot of the Gay-I,u.ssac tower is called, does not differ 
very much from that of the acid fed in at the top. In the 
usual ca.se, where there is ample chamber-.space and the 
sulphuric acid is almost entirely condensed in the last chamber, 
the mixture still necessarily present in the cxit-ga.ses is, of 
course, absorbed by the stronger acid in the Gay-Lussac tower, 
and the nitrous vitriol running out at the foot is then l or even 
2' Tw. weaker than the fee<ling-acid. Hut in the " forced .style ” 
of working (p. 639) there is a considerable quantity of acid 
contained in the exit-gases in the shape of mist, which is 
retained in the Gay-Luss 5 c tower, and, added to the nitroso- 
■sulphuric acid absorbed, may make the nitrous vitriol even a 
little stronger than the feeding-acid. 

When properly treated, nitrous vitriol ought to be very little- 
coloured, and .should have only a slight smelj of nitrous acid ; 
but on being diluted with water, especially hot water, it ought 
to effervesce strongly And give off thick red vapour.s. .At .soim; 
works this rough test is considered sufficient for judging of the 
quality of the nitrous vitriol; but at all the better works it i.s 
tested in the laboratory, which can be accomplished in a very 
short time by the permanganate method icf. p. 3S7). Now and 
then this test should be supplemented by testing in the nitro¬ 
meter, in order to make sure whether any nitric acid is present 
or not. By these testings it can be seeli from day, to day 
whether the percentage of nitre increa.ses or dccrease.s. In 
the former case, if the other tests of the chambcr-procc.ss agree 
with it, this is an indication that .some of the nitre mu.st be 
taken off; in the latter'case this teSt will, better than any 
other, show, before any damage has been done, that snore nitre 
is required. In any case nitrous vitiiol sjhould not ccntaili less 
than l per cent, of N/),,; above 2I, per cent, it is too .strong. 
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and there is danger, of nitrous gfis escaping without being 
absorbed, which can be controlled by the colour of the exit- 
“sight.” In this case more strong acid must be charged at 
the top ; and if there is an excess of nitre-gas in the chambers, 
a little less pitre must be used. 

The Gay-Lussac acid, or nitrous vitriol, is essentially a 
solution of nitrososulphuric acid (“chamber-crystals”) in 
sulphuric acid. Formerly it was believed that it regularly 
contained some nitrogen peroxide or nitric acid (Wipkler, Kolb, 
Hurter, Davis, etc.); but this assertion was only cau.sed by the 
imperfection of the then employed analytical methods, as shown 
for Winkler’s and Kolb’s results by my.self {Chcni. Ncu's, vol. 
xxxvi. p. 147), the nitric acid being produced during the 
anal)'.se.s themselves. The contrary fact, viz., that ordinary 
nitrous vitriol contains no appreciable quantity of nitric acid, 
was first proved by me; and it has been confirmed by .several 
subsequent invcstigator.s. This is even the case when .so much 
nitre has been introduced intentionally, as in Lunge and NaePs 
experiments, or by inadvertence, that the last chamber contains 
some nitrogen peroxide {C/wm. ///</.,‘18,^4, p. 10). It has been 
shown before (pp. 350 and 791) that this is no doubt due to a 
reduction of the nitric acid, originally formed from the nitrogen 
peroxide, by the coke packing of the Gay-Lussac towers. In 
the case of columns filled with a noit-reducing packing probably 
nitrous vitriol containing nitric acid w'ould be much more 
frequently met with; but with coke-towers, and with the 
ordinary style of working formerly employed in all works, it is 
one of the signs of the regularity of the process if no nitric acid 
occurs in the nitrous vitriol. Probably it fs different when work¬ 
ing with the “high-pressure” style (p. 639), where the chambers 
are made to turn out nearly twice as much as before, by supply¬ 
ing them with a comparatively enormous quantity of nitre 
(without,^however, loSing more of it in the long run, owing to 
correspondingly large Gay-Lussac towers). In this case it 
follows most distinctly, from Lunge and Naefs observations 
(next Chapter), that there must be a /arge quantity of nitrogen 
peroxide in the last chamber, too largeto be completely reduced 
by the coke to N.^O.,, so that the nitrous vitriol will be found to 
contain same nitric acijl. f 

A very strange error existed for many years, both in all 
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publications on thp’subject^ and in the ideas of nearly alV those 
practically concerned in the manufacture*of sulphuric acid who 
gave any attention to the chemistry of the subject. T^is error 
is; that nitrogen peroxide, N^O^, forms only a“ loose ’’combina¬ 
tion with sulphuric acid of such concentration asjs employed 
for working the Gay-I.ussac tower, and that, therefore, very 
little N.^0, is absorbed in that t(;wer, unless it can be there 
reduced by SO,^ to N.3O.1. This erroneous as.sumption, coupled 
with another error, viz, that the “nitre” in the chamber exit- 
gases consists essenflally of N„()^, and the hne observation that 
the “nitrous vitriol” generated in the Gay-I.ussac tower does 
not contain anything but N.X);,, has led to the invention of 
Brivet, Lasne, and Benker (Ger. 1 ’. 17154), who introduce into 
the exit-ga.ses, on their way between the la.'-t chamber and the 
Gay-Lussac tower, a certain 'pianlity of burner-gas, by means 
of a steam-jet. The excess of moisture thus imparted to the 
burner-gas is removed by means of a small coke-tower fed with 
Glover-tower acid, and the gas is now mixed with the chamber- 
gases before entering the Gay-Lu.s,sac tower. It was supposed 
that the nitrogen peroxide would thus be reduced : 

N.A + «0, + 2SO.,(OU)(ONO). 

No doubt this would be really the case if an appreciable 
quantity of" free” N.,Oj did exist in projierly composed exit- 
gases ; but this is not so, at least with the ordiilary, not “ foited ” 
(high-pressure) work., I have, moreover, conclusively proved 
{Bcrl. Her., 1882, p. 488) that there is no foundation for the 
assumptions underlying the above-mentioned patent, more 
especially the idea that N„ 0 ., did not easily and completely 
dissolve in sulphuric acid of 142 Tw. In fact the first favour¬ 
able reports upon the practical success of that ))atent process 
have not been confirmed by subsequent observations, and it 
must be held that for properly-managed ohambers the process 
offers no advantage. 

Benker has several times reverted to proposals, founded 
upon the alleged difficulty of absorbing N.p, in the Gay-Lussac 
tower, by introducing at some place where it is to reduce 
N2O4 to NLOj; he has, however, found that this cannot be done 
in the Gay-Lussac to\«r itself, an^ he therefore igjecta SO.^ 
into the last chamber or a special chamtter placed between this 

3 H 
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and the Gay-Lussac tower (Ger. P, 8836^), The mixture of 
gases ill this case siiould be very thorough/and he therefore 
prefers to employ the SO., not as burner-gas, but in the shape 
of a large quantity of gas from the first chamber, where much 
SO., is still present (Ger. P. 91260). This last idea is evidently 
much the same as the various proposals formerly made for 
mixing the chamber-gases from various parts of the system 
{su/>rii, pp. 648 (■/ scq.). 

The success of the working of the Gay-Lussac towers 
depends also upon the proper regulhlioit 0) the draught. If the 
draught is insufficient, the chamber-process will from the out¬ 
set be injured by the continual leakage of gas and by all the 
other drawbacks already enumerated, and specially by the 
behaviour of the pyrites in burning. In that case the Gay- 
Lussac tower itself will not work properly; for unless a 
sufficient excess of oxygen be present in the last chamber 
before the gas leaves it, unoxidised nitric oxide will remain 
behind, which pas.ses through the tower unabsorbed and only 
forms red vapours when issuing into the outer air. At the same 
time there will be sulphur dioxide present in this case; and this 
acts still worse, since it decomposes the nitrososulphuric acid 
still present in the vitriol with which the coke in the tower is 
soaked, and carries away its nitre as nitric oxide. If the waste 
gas, as previously insisted upon, contains 5 or 6 per cent, of 
free'oxygen, the above cannot happen to an appreciable extent. 

If, on the other hand, the draught is too strong, and there¬ 
fore the kiln-gas is too poor, the sulphur dioxide will not have 
time to condense within the chambers as sulphuric acid; it 
will partly get into the tower, and there-cause the decomposi¬ 
tion just mentioned and a loss of nitrous compounds. 

In both cases, therefore, the .same result will happen as if 
the last chamber did not contain an excess of nitre-gas; and 
if nitre isvoo much; economised, it will indeed be wasted all 
the more in the way just described, the sulphurous acid driving 
off the nitrogen of the tower-acid into the air in the shape of 
nitric oxide. 

Such a faulty working of the tower will reveal itself by the 
escape of 4 large quantity of red vapours out of the chimney, 
by the tej^s of the tower-acid, and even by its appearance, since 
the acid, which otherwise is nearly or quite colourless, turns a dark 
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purple colour, and js filled with countless small bubbles of nitric 
oxide, at the saAie.time getting heated'by the formation of 
sulphuric acid (Bode, in a note to the translation (?f H. A. 
Smith’s pamphlet, p. 122). It is therefore the worst case of all, 
if alternately sulphur dioxide gets into the t(jjer and the 
reverse. In that case nitrous vitriol is alternately produced 
and again decomposed, When, hgwever, sulphur dioxida con¬ 
stantly passes into the tower, there is no absorption of nitre-gas 
at all, and the tower in tliis case does not act as an absorbing- 
apparatus, fiut simpfy as a' continuation of the chamber-space 
(Bode, ibid., p. 124). This proves, as Bode justly remarks, that 
one improvement, viz., the recovery of the nitrous acid, 
necessarily led to another, viz., to a better condensation of the 
sulphur dioxide, or a better yield on the sulphur burnt. 

The loss of nitre caused by this imperfect action has been 
often underestimated, especially formerly when the methods 
for testing the exits were defective; indeed the very reasons 
which impede the full action of the Gay-Lussac tower will 
cause similar losses during the bubbling of the exit-gases for 
the purpose of testing through the absorbing-liquids on the 
small .scale. It is quite certain that the lo.ss of nitre in the 
exit-gases indicated by Jurisch and others is far below the 
truth, and that this vitiates by itself most of the rea,soning 
concerning the “chemical loss” in the Glover tower. Bcnker 
(quoted by Sorel in his 'I'raiti, p, 313) has found that? the 
Gay-Lussac sometimes allows two-thirds of the nitrous gases to 
escape, and Sorel {ibid., pp. 313 and 393) agrees with him, oil 
the strength of calculations founded upon the vapour-tension 
of NjO., in nitrous vitriol. He found this unavoidable loss to 
cover very nearly the whole loss of nitre in his chamber sy.stcm, 
viz. 2-66 per cent, out of 2-8 per cent. NaNO., for 100 S, leaving 
practically no “chemical loss,” since that a little nitre escapes 
with the sulphuric acid withdrawn for use ®r sale. ' ^ 

Petersen (Amer. P. 904147 ; Ger. P. 208828) claims to ivoid 
disturbances in the “intense working” of the chambers {cf. 
PP- 639 et seq.) by placing a column, fed with cold nitrous vitriol 
of 55° Be., as “regulator” between the last chamber and the 
Gay-Lussac tower. Any SOj escaping from the last chamber 
is oxidised here, and tBe nitrous vapour? formed thereby are 
retained in the Gay-Lussic. If, on tfie contrary, the gaSes 
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leaving the last chamber contain an excessV nitrous acid, this 
is retained in the regulator, thus lessening the'work of the Gay- 
Lussac lower. He replies to an attack made upon his system 
by Nemes (Z. aiignv. Chem., 1911, p. 387) in the same Journal 
(1911, p. 1811). According to the British Alkali Inspectors' 
Report for 1909 several factories had obtained satisfactory 
results by the introduction 0/ Petersen’s “regulator” in respect 
of cooling the gases and completely utilising the SO,,. Petersen 
later on (Ger. P. 225197), in order to economise GJover tower 
space, recommends denitrating thd nitrotis vitriol, formed in 
the regulator and in the principal Gay-Lu.ssac tower, in one 
and the same Glover tower. In this case the regulator is fed 
with chamber-acid. His Ger. P. 226793 states that the 
sulphuric acid in the Gay-Lussac towers is most fully utilised 
by converting the ferrous sulphate contained in the acid into 
ferric sulphate, before employing it for retaining the last 
portions of the nitrogen o.xidcs. 

The exit-gases issuing from the Gay-Lnssac to-toers,even when 
these arc of very large dimensions, are never free from either 
sulphur or nitrogen acids, and must be regularly tested to 
comply with the demands made by law, as will be described 
later on. 

VVe cannot indeed expect the Gay-Lussac tower to absolutely 
retain the last traces of acids, especially the nitrous fumes, for 
the following reasons : that a solution of N., 0 , or of HSO5N in 
sulphuric acid of 140" Tw. posse,s,scs already a certain vapour- 
tension, causing some N.X)3 to be volatilised in a current of air 
[cf p, 346); that the contact of the gases with the acid can 
never be made absolutely perfect; and .that the time during 
which this contact takes place is very short. Sorel {toe. cit., 
p. 313) calculates it for the best and largest apparatus at two 
minutes as a maximum. 

It is a 4 Vell-known fact that at the very best-managed acid- 
works the gas issuing from the Gay-Lussac tower has a slight 
ruddy or orange colour, most of which is probably caused by 
NO, which finds too little oxygen within the tower, but turns 
into NO., in contact with air. Moat acid-makers regard it, 
from expedience, as a bad sign for the working of the chambers, 
if the ot/inge vapours entirely ceasd. The Benker process 
(P- 839), which has a tendency to increase the quantity of NO, 
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must also increasp'this oraage vapour in Jthc exit-gases, which, 
of course, is best noticed where the gases issue from tfic Ga)’- 
Lussac straight into the air, not into a chimney. 

Crowder (/. Soc. Chem. hut, i.Spi, p. 303) gives a table^nf 
averages of the amount of acids contained in tins gases both 
on entering and on leaving the Gay-l.ussac tower. The 
gases on entering contain from 3 to 4 gr. of acid per cubic 
foot, reckone*d as SO., (but in reality consisting of sulphur 
dioxide, siUphuric a/;id, in the shape of mist and nitrogen 
acids), on leaving only about i or 2 gr. He believes that, 
if the gases contain more than this (iiiantitv, it indicates 
that sulphur dioxide has penetrated into the absorbing-tower, 
the result being a reduction of nitrous acid and lo.ss of 
nitre. On principle this is, of course, correct, but it is 
not certain whether the above amount is the real limit in all 
ordinary case.s. Crowder also noticed that the proportion of 
oxygen in the gases issuing from the tuw’er is always slightly 
larger (o-o8 to O'54 per cent.) than that passing in. The 
explanation of this phenomenon proposed by him, viz., the 
diminution of volume consequent upon the removal of SO.^ or 
some decomposition of the oxides of nitrogen, is altogether 
inadmissible; any chemical action of the SO., and the nitrogen 
oxides within the Gay-Lussac tower could only tend to diminish, 
not to increase, the amount of oxygen, aad the shrinijage 
caused by the removal of those gases is far too slight to be 
observed in gas-analysis (it is, of course, useless to expect suck 
gas-tests to give accurate results, even in the first decimal per 
cent.). 1 have little doubt that Crowder's observation was due 
to some air being drawn into the exit-tube by a slight leak or 
by the feeding-holes sucking in a little air; this is extremely 
probable, as the Gay-Lussac tower offers a very great resistance 
to the draught, and the inward suction at the exit-tube, as 
shown by an air-gauge, is con.scquently many time# grtviter 
than that at the inlet-tube. 

Attempts have been made, but hitherto entirely in vain, to 
absorb or utilise the last traces of^acids in the exit.ga.ses. 
Sometimes they are wasfied with water in a small coke-tower 
or plate-column, but thi^does not do much^good. * ^ 

Mitarnowski and Benkec (Fr. P* 21 §989) propos^ passigg 
these gases through a solution of ferric .sulphate, or through a 
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column charged witlvgranulated copper and,fed with water, in 
order to,produce sulphate of copper; but‘this will hardly pay, 
for the same reason as that which is at the bottom of the 
necessaril)' incomplete action of the Gay-Lussac tower. 

A propof.al made by Fremy to absorb the SOj in the exit- 
gases from the Gay-Lussac tower by a coke tower fed with 
nitric acid is characterised' by Sorel him.self, who reports it 
(Tfaile,\>. 314), as an absurdity, and an idea never likely to 
be carried out in practice, since there is trouble encojgh to keep 
back the nitrous vapours without creating them anew at the 
last, Fremy’s designation “ tour aeronitriquc ” is the only fine 
thing about this propo.sal. 

Taraud and Truchot (Fr. F. 425913) wash the chamber exit- 
gases in one or two towers by water (introducing air or oxygen 
if necessary), and return the weak sulphuric acid formed to the 
chambers as a spray. Then follows an alkaline washing ; the 
liquids formed here are also returned to the chambers (B. F. 
9461, of 1910). 

The same inventors (F'r. F. 431427) wash the gases leaving 
the Gay-Lussac tower by an acid solution of a ferrous salt, 
decompose the compounds of NO with ferrous sulphate formed 
thereby by heating the solution, and reintroduce the NO into 
the chambers. 

\'arioiis I’laus for Recovoritit; the Xitre in Other llaj's. 

. Merely for the sake of completeness it may be mentioned 
that several other plans have been proposed for utilising the 
nitre-gas escaping from the chambers. Not one of these has 
ever possessed any practical value; anfl they can hardly be 
said to have even an historical interest, since they have never 
been employed except in a few isolated cases. 

Kuhlmann, for in.stance, employed thirty Woulfe's bottles, 
the,first' ten t)f whicli were filled with water, the second ten 
with a solution of barium nitrate, and the third ten with barium 
carbonate suspended in water; the mixture resulting in the 
last ten bottles was used in the second ten bottles, where 
barium sulphate (“permanent whitS” or “blanc fixe”) was 
precipitated. Others have used mjlk of lime, ammoniacal 
liquor, of even pure« wafer lor the absorption of the acid 
vapours. All these plans are so very much less advantageous 
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or complete than Say-Lusi^c’s process tljat they cannot at all 
compete with it. * 

G.Wd.c\\it\{Dutgl.po!ftJ.,cc\\\. p. 517) proposed forcing 
the exit-gases by means of a Kdrting’s injector through a red- 
hot iron or fireclay retort filled with iron-tiirninsjs. Here the 
nitre-gas is to be reduced to ammonia, which is to be absorbed 
by hydrochloric or sulphuric acid. Nobody seems to have been 
rash enough'to make a practical trial of this plan, 

Guye (fr. F. 40-^630) recovers the oxides of nitrogen, pure or 
mixed with other ga.ses, by causing them to react with other 
liquids in such manner that they dissolve therein, converting 
these oxides into nitrogen peroxide by treating them with 
oxygen, or into nitrous acid by treating them with NO. 

Denitration or the Nitrou.s Vitriol. 

The operation going on in the Gay-I.ussac towers whose 
final result is the production of an acid more or le.ss charged 
with nitrous compounds, viz. the “nitrous vitriol,” requires as 
its ncces.sary complemcut another operation, by which the 
nitrous vitriol, which by itself has no practical use, can be 
reintroduced into the chamber-process, both in order that the 
absorbed nitrous compounds may be restored, and that the 
sulphuric acid originally employed may be recovered in a pure 
state. It cannot be denied that Gay-I.u.ssac was not suffidently 
successful in completing his invention (which has proved so 
important and useful in the manufacture of sulphuric acid) in 
this particular; and it is more than probable that the slow 
extension of his process, nay, even the far from exceptional 
abandonment of it where it had been introduced in the first 
instance, must be attributed to the fact that the denitration of 
the nitrous vitriol was attended with too many difficulties, 
expenses, and breakdowns of apparatus. The invention of the 
Glover tower, which does away with all this, must therefore be 
regarded as almost equally important as that of the Gay-Lussac 
tower itself; and in fact the general introduction of the latter 
only dates from the time when manufacturers were able to 
combine it with the Glover tower. , 

The various contrivances for deiitratiftg nitrouswitribl were 
described and criticised tlioroughly and in detail by Fr. Bbde, 
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ill 187b, in a paper Qii the Glover ^Tower, w^ikh obtained the 
great prj^e of the Iferlin Society for the Promotion of Industry ; 
and this essay has been used to a great extent in the following 
description. Bode’s paper has also been published by instal¬ 
ments in Dbtgl. pnlyt. J., vols. ccxxiii. to ccxxv. 

The methods for denitrating nitrous vitriol are founded, on 
the one hand, on diluting it either with hot water or steam, or 
with a combination of both; and, op the other hand, on the 
action of sulphur dioxide, mostly combined witl\ a certain 
amount of dilution. That in these cases the nitrososulphuric 
acid is completely decomposed, either by the dilution or the 
action of the sulphuric acid, has been proved in detail by 
theoretical investigations. We shall now treat of the apparatus 
and modes of procedure employed in practice for that purpose. 

Denitration by Steam or Hot Water. 

One of the oldest apparatus for denitration by steam was 
described in Payen’s Chimie hi(iiatrielle,AnA has been copied from 
this into most text-books ; it may be called the “ shelf-apparatu.s.” 

It is shown in Fig. 302 and is easily understood: F tank for 
nitrous vitriol, e outlet-tap, d inlet-pipe, a a shelves with 
overflow-edge, /, which retains a 4-in. layer of acid on each 
shelf, C inlet for burner-gas, b steam-pipe, e outlet for denitrated 
acid into the lead chamber D, E outlet for nitrous fumes into 
the sfrme. 

Another apparatus, constructed on the same principle as 
that just described, is the “ Deiiitriflcateur ” proposed by Gay- 
Lussac himself. It is a lead column of square or circular 
section, provided with a grating a little above the bottom, and 
packed with coke on the top of this. The nitrous acid runs in 
at the top, and is scattered by means of a rose. Below the 
grating the gas of the sulphur- or pyrites-burners enters and 
meets the.nftrous vitriol descending ; at the same time either a 
jet of steam is introduced separately, or the gas is previously 
conducted through tanks filled with water, in order to be 
saturated with moisture. 

In these apparatus the'denitration evidently takes place by 
the joint action of the steam and the sulphur dioxide. The 
acid oflghtto arrive at ^he bottom entirely free from nitrogen 
compounds; but it is then so dilute that it must be run back 
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into the chambers." Such apparatus are npt to be found in use 
in any place at tfie Irrcscnt day, for good reason.s. Since the 
acid is in them diluted to the same extent as in the proce.ss of 
denitrating by hot water or steam alone, they pre.sent no 
advantage over the latter; indeed they were *in the first 
instance replaced by the latter proce.sses. But the apparatus 
just described have this drawback, that they last a very short 
time, on aedbunt of the .rapid destruction of the lead. The 
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destructive action is always very strong in the first chambers, 
which, even under the best conditions, and* in the ptf:s;;nce of a 
Glover tower, suffer more than the remaining chambers, and 
have to be made of thicker lead if they arc to last as long. 
This is due partly to the heat of the gas, partly to the nitrous 
compounds themselves. 4 t is evident 'that much more of this 
action must take place in a very small chamber, such as the 
“shelf-apparatus” or tjay-Lussacii "^Ltenitriflcatour.” * The 
worst, however, of these apparatus is that the steam introduced 
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into them necessarily leads to the fondensation of very dilute 
sulphuric acid and nitric acid on the sitks of the apparatus, 
which nVst rapidly corrode the lead. Moreover, considering 
the small size of the chambers .serving as .shelf-apparatus or 
dehitrificatcyrs, any changes in the chamber-process, in the 
composition of the kiln-gas, of the supply of steam, of the outer 
temperature, etc., must be fejt in them very much more than in 
a large lead chamber. Therefore, from time to time, .stronger 
nitrous vitriol will condense on the walls, and ^be diluted 
directly after by an increased condensation of water, and thus 
become charged with nitric acid. Tire inside of the walls of a 
working lead chamber is always covered with a white slimy 
lining of lead sulphate, which retains acid like a sponge, but at 
the same time protects the lead from further action, until such 
time as the acid is diluted by condensed steam, gas is given off 
from it, and the slimy mass of lead sulphate is loosened and 
washed off, whereupon the lead is again exposed to fre.sh 
attacks. The older denitrating-apparatus, therefore, were 
e.xposcd to very rapid destruction, because they employed the 
.simultaneous .action of sulphur dioxide and of steam, and were 
therefore soon abandoned. 

In Kngland, most manufacturers pa.ssed over to diluting the 
nitrous I'itrio! in separate small boxes -with wuter und steam, 

whilst on the (iontinent usually 
“ steam-columns " or “ cascades ” 
were preferred. The English 
arrangement, such as was almost 
general in former years, but has 
been plaoed in the background 
by the Glover tower, is shown 
in Fig. 303. a is a lead vessel, 
about I ft. high and 18 in. wide, 
which stands within the lead 
chamber, very near the inlet for 
the kiln-gases. Three pipes, b, c, and d, lead into a, passing 
through the side of the chamber and burnt into it. Of these b 
conveys steam, c water, aVicl d nitrous vitriol; c and d end in 
funneks, thtough which the liquids run. The steam comes from 
a steflm-btjilcr. Thd rjess^ a is first filled with water; this is 
then heated to the boiling-point by steam; and now steam, 
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water, and nitrous.vitriol aje admitted in such proportions that 
the latter is corrfplotely dcnitratecl before it can run ovir out 
'of the box a. The proximity of the gas coming'from the 
pyrites-burners acts in this way : the escaping oxides of nitrogen 
are at once spread through the chamber and arc; mixed rt ith 
the other gases; and at the same time the gas protects the lead 
against corrosion. 

More perfect is the arrangement formerly usual on the 
Continent,^ where the rienitration takes place on ttiitailcs, 
exactly .similar to those described previousi)' (p. 712), onl\' with 
the addition of a contrivance for introducing hot water. 

The denitration by steam alone, or by steam with ver\ little 
water, takes place in the so-called steam-eotHiiin, which is shown 
in Fig. 304 on a scale of 1:25, as it was worked at l''reiberg 
some time ago. It consists of a cylinder cjf strong sheet-leiul 
II ft. 6 in. high, 3 ft. wide, composed of three drums, joined at a 
andand strengthened by hoops. It is lined with acid-proof 
brick.s, li, joined by a mortar made of firecla)' and boiled tar 
[or of asbestos and silicate of soda, cf. |). ,S;i |. The bottom 
is formed by a lead plate A (or better a loose saucer), the 
top by a stoneware slab C. IJ is the feed-pipe for acid, F. 
outlet for nitrous vapours, F steam-pipe, whose mouth is 
covered up and built round with bricks in such a wav that 
proper channels remain for the steam and the acid. On the 
top of this the column is filled with bits of Hint nearly up to its 
cover; they are about the size of a fist near the bottom, and 
decrease towards the top to the size of a walnut. In place of 
these some works u.sc bits of broken stoneware. 'I’he nitrous 
vitriol running in at .the top trickles dow n through the bits of 
flint, and is decomposed in this way b)’ the rising steam. 
Whilst the nitrou.s acid given off from it goes away into the 
chamber through the pipe K in the state of vapour, the 
sulphuric acid, diluted by the condensed water, aTriyes at the 
bottom of the steam-column, and runs through the pipe (i into 
the tank II. The pipe G is .so bent as to remain always luted 
by the acid. 

According to Bode, iuch a column, at Freiberg, sufficed for 
a system producing 126 cwl. of sulphuric acid of, lyoTw. in 
twenty-four hours. 

In a large factory near Newcastle there existed, till 1S73, 
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steam-columns coHs'sting qf a cast-mctal pipe 3 ft. wide and 9 
ft. high, with a lining of lead and another lining, inside the first, 
of thin bricks (2 in.), and a packing of flints. Since tfien they 
have been replaced by a Glover tower. 

There are also steam-columns made without a jead jacket ; 
but they cannot in this 
case be built up of bricks, 
but must be* made in one 
ortwopieegs. Bodt^shows 
such a column, erected b)’’ 

Dr Gilbert at Hamburg 
(Fig. 305). Its inner dia¬ 
meter is I ft. 3J in., its 
height 13 ft. I in. It con¬ 
sists of two gas-retorts, /i n, 
made tight at the joint, 
after heating the same, by 
asphalt. The bottom, />, 
and the cover, c, are formed 
of round fireclay-slabs ; thi? 
latter contains an opening 
for the stoneware pipe 1/ 
for carrying off the nitre- 
gas and the e.xcess of steam 
into the chamber. The 
nitrous vitriol enters ^t c, 
the steam at /, and the 
denitrated sulphuric acid 
runs off at g. The retorts 
are surrounded by the 
cylinders h h, of i-in. cast 
iron, which are bolted to¬ 
gether and to the cast-iron 
top and bottom plates. A space of i.J, in. rcniain.s bi tween the 
cast iron and fireclay, and is filled with melted asphalt having a 
very high fusing-point. The column is filled with bits of flint; 
the mouth of the steam-[Ape is protected by loose bricks. This 
apparatus in Bode’s time had been in operation for five years 
without giving any trouble, and Aippjietl a set 08 chatnbers 
making 6 tons of acid of 170'Tw. in twenty-four hours. 




852 KECOVERY OF THE NITROGEN COMPOUNDS 


In other works the steam-colunyi.s are made much smaller, 
which is evidently quite suflicient. In Wiirlz's Dictionary of 
Chemist?^, iii. p. 157, Scheurer-Kestner figures a column made 
of a piece of Volvic lava 6 ft. 6 in. high, and only 8 in. wide 
in.s'ide, 3 ft.noutside, filled with broken glass. The whole is 
.surrounded by a lead casing. Such a column suffices for a 
chamber of 4000 cb.m., turning out 8 tons O.V. per day. These 
Volvic columns seem to stand better than any other kind of 
steam-column, but they also crack sometime.s. 

As late as 1890 I found in llamcurg a steam-column of the 
following construction, It consisted of a cast-iron cylinder, 
lined with bricks inside; the bottom part, about 8 in.,was made 
of lead and dipi)ed into a very thick cast-lead dish, forming a 
hydraulic lute, just at the point where the steam entered. The 
outflowing acid was kept at 1 12 'Tw.; it tested on an average 
0-05 per cent. N„ 0 ., and 0 01 per cent, NO;,H, which seems very 
good work for that strength. 

Hode asserts that the simplest and cheapest apparatus of 
this kind consists of ordinary stoneware receivers, as shown and 
described, pp, 567 to 569 of our .sccotul edition This kind of 
denitrating-apparatus does not appear to be in existence any¬ 
where now ; probably it would stand but a very short time. 
We also refer to the same place for Bode’s compari.son of the 
efficiency of steam-columns, of cascades and stoneware receivers, 
as being devoid of actual interest at the present time. 

In 1902, steam-columns were still used at Freiberg for 
dcnitraling nitrous vitriol. The reason for retaining these 
apparatus was that the gases at those works enter the chambers 
at the temperature of the surrounding air, and it was assumed 
that this is too low for working a Glover tower; but it is doubt¬ 
ful whether this assumption is correct (see later on). 

Evers (Gcr, 1 ’. 182216) employs denitrating towers especially 
ada^)ted to‘spent nitfating mixtures of explosives factories, not 
packed completely from bottom to top, but separated by 
perforated partitions into chambers, which increase in size from 
the bottom to the top, and are in turn filled with packing or 
left empty, the latter bfeing fitted with a mixing-apparatus. 
The denitrating mixture of air and steam is previously heated to 
at le^st 400°. The deiji to<be denitrateS passes downwards from 
one chamber to another. This plan is highly recommended by 
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Rudeloff(Z. SchiesiAaidSp^engiofscii, 190;, p. 1^4) from liis own 
experience, but is*sh«rply criticised by Gultinann (//'«/., p. 217). 
Rudeloff {ibid., p. 257) replies to this, upholdini; hit former 
statements, and adding that Evers' dcnitrating-aitparatus is 
employed in a dozen German explosives factories. ^The highVst 
loss of nitric acid is 0-24 per cent., of sulphuric acid 0-03 per 
cent. Four-fifths of the nitric acid comes out as 40' lie., one-^ 
fifth 36’ lie.,.with at most 0-3 per cent. N',/), and traces (jf 
H„SO^. The sulphuric acid is 60’ lie., clear like water and 
free of lII?Oj. Coals for*denitrating 1 ton of mixed acid, 
30 kg., and 18 kg. coke for heating the air. One apparatus 
denitrates 10 tons acid in twelve hours, and is attended to by 
one workman. 

(Hover Towers. 

The apparatus which is now u.sed for denitration in nearly 
all vitriol works is the Glover tower, which is proiierly treated 
in this chapter, since its inventor had in the first instance con¬ 
structed it for denitration, although it might ju.st as well be 
described as a cooling ami a concentrating a[)paratus. The 
Glover tower was invented by the late Mr John Glover, of 
VVallsend, near Newcastle-on-Tyne. According to ixwsonal 
information received by myself from Mr Glover, he had already 
built his first tower in 1S59, at the VV'ashington Chemical Works, 
near Durham. This tower was made of firc-Cricks and ixatked 
with a network of thin fire-tiles. It lasted a year and a half, 
and proved the correctness of the principle. In i<S6i Ghiver, 
at the same place, built a lead tower; and when erecting 
another works at Wajlsend in the same year, he, of course, 
built a similar tower there as well, which worked until 1.863 or 
1864, From the experience gained in this way, Glover con¬ 
structed in 1864 a third tower, which in all essential respects 
was the same as is used to this day. Up to that tin.c^only his 
nearest neighbours had introduced the tower. It mu.st hert be 
observed that its inventor had not only taken out no patent for 
it, but, with great liberality, had shown it to every one interested 
in the matter. In spite this, some of the manufacturers on 
the Tyne, intending to “improve” the tower, .committed 
mistakes in its construction ; and, a 4 leasVin one ca.‘4', this led 
to its being given up again,'although it has since been reintrtt- 
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diiced. Between 1868 and 1870 ^all the Jarger and better- 
managed works on t'ne Tyne introduced the Glover tower; it 
was adtjited in Lancashire about 1868, in London in 1870. 
Until 1871 nothing had been published about the Glover tower; 
anti it waSj, entirely unknown outside a limited number of 
English alkali-works till I published a paper on it in Dingl. 
j>olyt. vol. cci. p. 341, whjch made it generally known, and 
led to its adoption, first in Germany, then elsewhere. Soon 
after my publication objections were raised against the tower 
as a denitrating apparatus (nobody has ever doubted its 
excellence as a concentrating and cooling apparatus). The first 
objections raised by Bode {Dingl. polyt. /., ccii. p. 448) were 
immediately refuted by me {ibid., p. 532), and have since been 
withdrawn by Bode him.self. Bode has become one of the most 
zealous constructors and advocates of the Glover tower. Also 
the objections raised by M'Culloch {Chem. News, xxvii. p. 135) 
have been answered by Glover {dtid., p. I 5 “)i by me {ibid., 
p. 162), and Bode (Prize Essay, p. 5). M'Culloch himself after¬ 
wards changed his opinion. Much more serious objections were 
made by Kuhlmann {Hoffmann's Official Report on the London 
E.xhihition of 1862, p. I74)and by Vorster {Dingl. /, ccxiii. 
p. 506), on the assumption that the contact of hot sulphur dioxide 
and nitrous vitriol in the tower must cause a considerable 
loss of nitre com|)ounds in the shape of nitrous oxide or of free 
nitrbgcn. It is certainly a fact that, under certain conditions, 
hot sulphur dioxide reduces the nitrogen oxides down to nitrogen 
protoxide or even to nitrogen. But that such conditions exist 
in the Glover tower Kuhlmann could not prove, because he 
had no such tower at his disposal; nor 4 id Vorster experiment 
with the tower itself in this direction, although he made other 
interesting observations respecting it; but, entirely on the 
strength of laboratory experiments, he asserted that 40 to 70 
per cent, of the nTrous compounds were lost in the Glover 
tower. His experiments, however, were made under totally 
different conditions from those existing in the Glover tower; 
and I succeeded in refuting Vorster’s inferences on the loss of 
nitre from his own figures {Dingl. polyt. /., eexv. p. 56, eexvi. 
p. 79). Iri the experiment considered by Vorster as the most 
conclusive, he passed hot. sulphur dioxide mixed with air for 
twenty-seven minutes through nitrous vitriol heated to 180° C.; 
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and it is inconcei\B!)le ho\^ he could assert that this condition 
answers to that* iit the Glover tower. Into this the nitrous 
vitriol enters quite cold, mixed with chamber-acid ;^nd only 
on leaving, when its heat is greatest, does it attain 130° C, It 
is out of the question that it should have that tejnperaturc in 
any considerable part of the tower, much less 180', as in 
Vorster’s experiment. On the contrary, that acid which sliow^ 
a rather elevated temperature (but never anything like so high 
as in Vor.^ter’s experimenl.s) contains next to no nitrous acid, 
but is only further concentrated by hot kiln-gas; and, at all 
events, the denitration takes place to the greatest extent in the 
upper part of the tower, where the acid is still pretty cold. 
This follows with certainty from the well-known fact that the 
denitration of dilute acid takes place readily, that of concen¬ 
trated acid with great difficulty. Apart from this, the acid is 
never exposed to the current of hot sulphur dioxide such a 
long time as in Vorster’s experiments. If once the packing 
has been quite impregnated, the acid gets from the top to 
the bottom in a few minutes ; but owing to its fine division, 
it is almost entirely denitrflted near the top. In short, Vorster’s 
experiments arc useless for deciding the matter in question, 
even if they were not refuted by the plain fact, that with the 
Glover tower the waste of nitre is ai /msI no greater than with 
any other process. This subject is noticed more fully below. 

Subsequently {/>er., x. p. 1432—more explicitly in Dittgl. 
polyt.J., 1877, ccxxv.'p. 474) 1 critici.sed in detail the experi¬ 
ments and statements of Kuhimann and Vorster, and proved 
their irrelevancy. I further proved by experiments that if the 
sulphur dioxide is mi*<ed with a similar excess of oxygen as in 
the kiln-gas, this mixture decomposes nitrous vitriol, even at a 
temperature of 200’ (in the Glover tower it never gets beyond 
130'), in such a way that the inhote of the nitrogen oxides can 
be recovered by absorption in concenttated sul|il\pric acid. 
Pure sulphur dioxide, free from oxygen, does not ac’t on 
nitrous vitriol at 110” to 130 , but only at 200’ C., in such a way 
as to cause the formation of some nitrous oxide. This, however, ■ 
is not a practical case at )rtl; and it is'certain that in the Glover 
tower neither nitrogen protoxide nor nitrogen i.i formed in 
appreciable quantitie.s. My expftrinjeilts and valcultitions 
were attacked as inaccurate by Hurter {Dingl. polyt. ]., ccxx'vii. 

. X I 
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pp. 465 and 563), but were completely vinclkated by me (ibid., 
ccxxviii. pp. 70 and 152). 

If there were any truth whatever in Kuhlmann s and 
Vorster’s assertions, it would certainly be a cause of still greater 
loss when the fresh supply of nitre-gas is carried through the 
tower, as is done in the great majority of English factories, or 
when even the liquid nitric acid is run through it, as in most 
continental works. Then not merely 70 per cent, of the nitrous 
vitriol, but also 70 per cent, of the fresh supply pf nitre, or 
nitric acid, would be wasted by the tower. I his certainly 
would be felt very badly indeed. But already in 1871, of the 
ten works on the river Tyne which possessed Glover towers, 
only three worked so as to decompose the nitre by the gas of 
separate pyrites-burners, and to take the gaseous mixture past 
the Glover tower direct into the chambers. The other seven 
works .sent the gas of all burners, together with all the fresh 
nitre-gas, through the tower, 'without amsumiui!; any more nitre 
than the three former ones. Among these three works was 
that managed by myself, and in my first publication I recom¬ 
mended this arrangement. Later oil, from experience gained 
in the meantime, the plant was altered, and all the kiln-gas, 
together with the nitre-gas, was taken into the Glover tower; 
but no extra consumption of nitre whatever could be detected. 
In the .same way Mr Schaffner, of Aussig, found no extra 
consumption ensue when he began introducing all the liquid 
nitric acid through the Glover tower. Cf supra, p. 713. 

It is absolutely certain, from the practical experience of 
many works, that with the Glover tower rather less nitre 
(never more) is used than with steam columns or cascades. 
This is corroborated, for instance, by the former opponent of 
the Glover tower. Bode, in Dingl.polyt. J., ccxvii. p. 305, and in 
his Prize Essay, p. 87 ; and, altogether, no contrary statements 
of those wHo have had practical experience of the tower have 
been made known. On the contrary, the Glover tower has not 
only been generally accepted in England, but also on the 
Continent. Already in 1875 the Berlin Society for the 
Promotion of Industry offered a pi'ize for an essay on this 
subject, in v'hich the utility of the Glover tower for most cases 
is expressly presuppdspd, and only its a”pplicability for kiln-gas 
of "inferior heat is mentioned as doubtful and requiring 
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examination. The*result,of this was Bode’s often-mentioned 
essay on the Glovtr tower. At the present day tlie Glover 
tower forms an essential part of every well-arranged^ulphuric- 
acid works, and ranks with the Gay-Lussac tower. Certainly 
it will not answer to expectations when constjiictcd in’ an 
improper way or with unsuitable material, and therefore, at 
first, its use was here and there,discontinuerl; but the sanne 
may be saW of cver\- apparatus used in the whole range of 
industry; ^nd ihc^toiisi'iisns of the great majority of manu¬ 
facturers has entirely dccirled for the Glover tower. Brauning 
{Z.J. />er£',ueser/, etc., 1877, p. 140) also quotes the experience 
of a whole .series of works at Oker in which the tower was 
employed, and where, since its introduction, less nitre was u.sed 
than before, in consequence of the acid being completely 
denitrated, so that no loss can be incurred through the 
reduction of nitric acid to nitrogen or nitrous oxide. During 
my extensive tours through a number of the best Ivnglish, 
German, and French alkali-works, 1 have everywhere received 
the same information, viz. that since the introduction of the 
Glover tower less acid is consumed than formerly (with the 
diluting process). This may very frequently be in conseriuence 
of the chamber-acid being also denitrated in the Glover tower; 
but in some works the acid of the large (or first) chamber is not 
kept nitrous at all, and in others, from various cau.scs, only a 
small portion of the chamber-acid passes through the (ilover 
tower. In no case Is there the slightest reason for asserting 
that the Glover tower, by itself, wastes more nitre than the 
diluting process. At Maletra’s works at Rouen, before the 
introduction of the Glover tower, 2 parts, since then only l-j 
part of nitre has been used to 100 parts of pyrites. 

Hurter himself, in 1877, when he still imagined that a 
considerable portion of the nitrous gases was reduced to N ,0 
and elementary N in the Glover tower,’admitted Wiat "with 
careful work ” there was no more nitre used after the introduc¬ 
tion of the Glover tower than before, as quoted by Jurisch 
{Schivefelsdurefabrikntion, p, 153), whose continued adhesion to 
the long exploded belief in such a'destructive action of the 
Glover tower has been already mentioned in the (»th Chapter, 
p. 714, and which is probably the*la.sV s’urvival of^that*error. 
It should be noticed that Hurter, in his many years’ position 
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as chief chemist of the United Alkal^Company,has never made 
any attempt at doing away with the Glorer’towers, formerly 
condemiiftd by him as destroyers of nitre. 

Gay-Lussac himself had at first denitrated the nitrous 
vitrtol by biyner-gas and steam (p. 846); much later again Cl. 
Winkler, in 1867 {Untersuchungen, etc., p. 24), proposed very 
(^learly the denitration of njtrous vitriol by sulphur dioxide, 
without being aware of the fact that this plan had •been carried 
out for some years in practice by Glover and oJher.s. But 
these attempts were vitiated by the* proposal to add steam or 
water, and they did not embrace the concentrating action of 
the apparatus which is now called the Glover tower. 

Functions of the Glover Toioer .—Although outwardly 
resembling a Gay-Lussac tower, the function of the Glover 
tower is exactly the opposite—viz., to deprive the nitrous 
vitriol running off at the bottom of the Gay-Lussac tower of its 
nitrous compounds, and to restore it to a proper state of 
concentration for applying it again at the top of that tower. 
This, certainly, is only one of the functions of the Glover tower, 
but the most important and characteristic of all. The tower 
fulfils this function by exposing the nitrous vitriol, usually 
mixed with chamber-acid, in a finely divided form, to the 
action of the hot burner-gas, whose heat acts concentratingly upon 
the sulphuric acid, and whose sulphur dioxide acts denitratingly 
upon' the nitrososulphuric acid ; and the simultaneous con¬ 
centration and action of the sulphur dioxide seem very much 
to advance the denitration, which takes place according to the 
equation: 

2S().,(0H) (ONO) + so, -I- 2 ILO = 3H,,S0^ -h 2 NO. 

Glover’s apparatus cannot be put in the same line with the 
apparatus described above (pp. 846 et seq), because in it no con- 
dcnsatioivoY dilute .sulphuric acid containing nitric acid can 
take place on the lead walls, and because it is altogether so 
constructed that the lead nowhere comes into contact with the 
hot gas and the nitrous vitriol. Once properly built, it continues 
working for many years,' and caused no interruption of the 
process. Besides, it possesses two very^reat advantages. The 
first is, that it is both'tlye rrtost complete and the most rational 
of all cooling contrivances for the burner-gas; the most com- 
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plete, because the gas is tjrought into immediate contact with 
the cooling-liquid in the shape of a fine spray, not separated 
from it by a metallic wall or only exposed to the cooimg-action 
at the circumference of the current; the most rational, because 
no expense has to be incurred for pumping up ctild water for 
cooling, but the generated steam is at once usefully employed 
in the chamber. The second and still greater advantage of the 
Glover towor is that injt not only all the acid serving for 
absorption^ in the Gay-l.ussac tower, but the whole of the 
chamber-acid is brought to 144 or even np to 152' Tw. without 
any expense except that of pumping the acid to the top of the 
tower—an expense which is very small indeed, especially in the 
case mentioned on p. 723, where the exhaust-steam of the air¬ 
pumping engine is used as .steam for the chambers. 

The Glover tower is. moreover, now mostly used for intro¬ 
ducing the requisite fresh nitric acid into the chambers without 
any special apparatus, by running it down together with the 
nitrous vitriol, liefore it arrives at the bottom it is fully 
denitrated, as well as the nitrous vitriol itself UJ. Chapter 

V. p. 714 ). 

Even a solution of nitrate of soda has been emploj ed in a 
similar way, but this has been given nj) as impracticable (p. 719). 

Construction of a Clover Tover. 

The constructive principle of the Glover tower is this: to 
provide an apparatus perfectly tight against liquids and gases, 
and at the same time capable of resisting both heat and the 
action of strong acids in the liquid and gaseous form. A ga.s- 
tight apparatus is always preferably made of some metal, and 
this principle is followed in the construction of vitriol-chambers. 
But lead, the only metal to be thought of, does not resist the 
action of hot acid-gases at temperatures not very far removed 
from its melting-point. Acid-proof mate.ial of any pther kind 
requires making joints with some mortar or cement, none of 
which again is sufficiently resisting in this case. The .solution 
of the difficulty is attained in this way;—An outer shell of lead 
constructed as usual in ^e case of chambers, towers, and the 
like, is provided with an acid-proof stone or brick lining, 
without any mortar. I'he latter, ^hii^i* would bff de.sfroyed 
directly, is not necessary Tor the .stability of the erection it it 
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is properly designed, nor need the .lining be gas-tight, as the 
small amount of gas which finds its way thro'ugh the joints is 
then sufifii!iently cooled down not to do any harm. Nor can the 
lining itself, which is always a bad conductor of heat, transmit 
enough heat/o be dangerous to the lead. 

We now come to the question as to what lining should be 
employed. Undoubtedly the best material for this purpose is 
Volvic lava (see p. 831), which resists both acids and heat 
better than any other material .so far knojvn. It (jccurs near 
Clermont-Ferrand, in the centre of France, and can be had in 
large blocks which are easily shaped to design, e.g., from 
Brosson Lafilichat frcres, or from A. Moity, both residing at 
Volvic (Puy-de-Domc). 

Next to this, where Volvic lava is considered too dear or 
difficult to procure, comes “chemical” brick or stoneware,/>. 
such as resists the acids and also the heat up to the required 
extent, but it need not be “ fire-brick ” proper. None of these 
bricks last for ever, and they always yield some alumina to the 
acid, but they may serve for several years. 

In Great Britain the “ blue bricks*’ of Mold in Flintshire are 
usually employed for lining Glover towers. The following is 
the composition of the best cla.ss called “ metalline,” supplied 
by the Buckley Brick & Tile Company, according to Chem. 
Trade /., x. p. 46;—63-01 SiO,2, 25-95 AI2O3, 6-49 Fe^Oj, 
0-75 MojO., 0-83 CaO, 0-40 MgO, trace of Na.O, 2-57 KjO, 0-9 
organic substance, and water. 

In Germany the bricks made at Bad Nauheim, at Bendorf, 
near Coburg, and at Aussig are mostly used. 

The manufacture of acid-proof bricks for Glover towers, 
according to Tonindustrie Zeit., 1890, p. 642, requires clay rich 
in silica more than in alumina, of a dense, non-porous character. 
Some descriptions of clay which are almost free from iron and 
can be byrifed to a clinker can be used directly. Where no 
such clay is available, an artificial porcelain-like mixture can 
be made with from 25 to 30 parts felspar, 25 to 30 best china- 
clay or other good fire-proof clay, and 40 to 50 parts quartz. 
It should be burnt to a cliliker, and should not shrink too much 
in the process. The bricks are best covered with a glaze con¬ 
sisting of 54 parts qtlaftz, S4 felspar, 35 ground chalk, and 26 
ground china-clay. 
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A special lining for towers (Gay-Lussac, Glover, or inter- 
mediate “reactiofi l,owers’*) is described tin Skoglund’s Amer, 
P. 640037. It consists of sodium or potassium silicii^c, mixed 
with quartz powder and then treated with sulphuric acid, which 
takes out most of the alkali and leaves a mass not acted upon 
by acids, and easy to work. It is put on in a fayer of A-in. 
thickness and dried by fire-heat. The “ obsidianitc,” mentioned 
in Chem. Tronic /., 1909, xliv. p.'iSi, and 1912, I. 70, is evi*- 
dently very similar or identical with the above. 

Karyscheff (B. i*. 2994, of 1907) makes acid-proof bricks 
from powdered spinels,chromite, ceylonite, and similar minerals 
by agglomerating them by means of a cement under heavy 
pressure. 

The “packing" of the Glover tower is made of similar 
material to the lining, but this will be treated later on (|). S67). 

We shall now explain the principles of constructing the 
various parts of a Glover tower. 

The foundation of a Glover tower can be made of strong 
brick pillar.s, with a roof formed bj' a strong brick arch and 
braced together with ironjitays and rod.s. The pillar.s may also 
be joined by strong railway rails, instead of an arch, and they 
may be themselves constructed of cast iron, which makes the 
foundation much lighter and more accessible. The top of the 
foundation is covered by a lead apron 6 or 7 lb. to the square 
foot, for the purpose of protecting it against acid drippings. 
This apron may be burned up so as to form a saucer with an 
overflow spout; and if this be kept full of water it will help to 
preserve the inner saucer, by keeping this at a moderate 
temperature. 

Sometimes the platform at the top of the foundation is 
covered with a molten mixture of pitch and brimstone, and the 
leaden apron is put upon this while still warm. This is an 
absolute protection against any corrosion of the irqii pillars and 
girders by any acid finding its way down. * 

The frame of the tower must, of course, be different accord, 
ing to whether the tower is angular or circular in section. The 
former kind will be madf clear by tlje designs shown later on ; 
the latter is distinctly seen in the section of a French Glover 
tower, lined with Volvie lava, givet^ belov^. ^ 

The material of the frame is mostly wood, preferably pitch- 
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pine, but iron frames are yer/ ap^roprkik. in this case, in 
cases the frame has lo support the acid-tenks required for 
feeding tVe tower, and also the light shed covering the top. 

The /mvr itself is made of 14-lb. lead, jts bottom of 35-lb. 
lead, the straps of 9-Ib. lead. Its sides are suspended from the 
top and side joists, just like those of a chamber. The lead 
stands a little off the wood, which is of importance for the 
protection of both the wood and the lead. In osder to avoid 
seams at the corners, where they would be weakest and where 
they could not be very well repaired on account of*the frame, 
two of the sides arc made of two sheets of lead (1,2, Fig. 306) 
each, which are burnt together in the middle, and which reach 
round the corners, where the sheets 3 are burnt to them. 
The seams are best burnt outside. All the side sheets reach 
down from the top to the bottom without 
any horizontal seams, and hang loo.sely 
within the .saucer. 

Sometimes even square or oblong 
towers are not made in this way, but 
are constructed, in single drums, like the 
circular towers ("'/V/t' infra), the higher 
one always resting on the bevelled-out 
edge of the lower. This is especially 
done where the tower-lead is not fastened 
to the ordinary fr'ame by straps, but is held together by iron 
rings or closely touching wooden frames, which offer resistance 
to the thrust of the lining and packing. Iron hoops, however, 
have the di.sadvantagc of gradually cutting into the lead, and 
closely touching wooden frames cause tlje lead to be wasted 
much more (luickly. 

The bottom saucer is formed of two sheets of lead burnt 
together in the middle and turned up all round to a height of 
12 in. Siiicq.sheets o{ 35 lb. to the square foot cannot be burnt 
together in the usual way, they are joined thus : they are placed 
close together, after having the edges cut off slantingly and 
scraped clean (Fig. 307); into the rebate, «, thus formed, lead 
heated a good deal beyond its melting-point is poured: the 
latter, before solidifying it.self, fuses the margins of a ; and this 
is further agisted by.a red,hot iron, so* that the whole unites 
into, a solid mass. 



Fig. 306. 
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Another methQcJof joining such thick sheets of lead is this; 
cutting the lead as sJiown in Fig. 307, theS heating the borders 
with a hot iron, and at once applying the blowpip^ so that 
the lead at this pla^e melts for a certain depth and runs to the 
bottom ot the triangular channel between the twf) .sheets and 
closes this up, whereupon the whole channel Ls tilled up by- 
heating with the blowpipe both the borders and a thick strip oC 
lead, as u.sual when burning horizontal lead .scams (|). 599). 

Sometimes, as we have seen above, the-bottom of the tower 
stands in another saucer, filled with water, which is allowed to 
get hot, but even in this state forms a protection to the inner 
saucer against overheating. In other cases there is a constant 
flow of cold water round the bottom saucer, .so that the acid 
gets cooled to some extent before running away, which is an 
additional advantage. Another plan for cooling the bottom is 
that which is shown in the designs below, viz., arranging a net- 



Fig. 307. 


work of air-channels in the brickwork underneath the lead 
bottom. 

Inside the tower bottom is protected by a layer of 3-in. acid- 
proof slabs; .sometimes first a piece of lead is laid loose on the 
bottom before putting the slabs on. 

Lastly, we must itotice the “ //T',” where the lead side of the 
saucer is turned over to form a place for the acid to run off 
continually into a leaden spout. This part, over which hot acid 
is incessantly runnii'^' and which cannot remain covered 
by a protecting layer of lead sulphate, is exposed to very 
great wear and tear; and as it cannot well be repaired while 
the tower is at work, the plumber must not neglect to put a 
false lip, consisting of a piece of sheet-lead beaten *irli4wn close 
upon the real lip. The acid will then run over the false’lip; 
and the latter, when worn out, can be replaced by a fresh piece 
in a few minutes. 

Instead of a “lip,” a laud tube of about i| in. bore can be 
burnt in the side of the saucer, a little below its upper edge; 
but the plumber must do this with Ilic utrfiost carc,^nd ftiake 
the joint extremely strong, in order to save repairs, which cSin 
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only be made after stopping the work. At*§tolberg, where the 
Glover tower has nrP saucer, but the bott»m«and sides are in 
one piec*, two running-off pipes are provided, so that one can 
serve when the other is stopped up, etc. , 

• The. Imd^ top of the tmver is suspended from wooden or, 
better, iron rails, to which it is fastened by straps, and which 
pre sup[)ortcd by the side frame. Towards the centre it is 
dished out so that any acid feaking from the tanl;s cannot run 
down the sides of the tower, but finds its way into the tower 
through the hydraulic joints of the acid-dis\ributor.* 

The inlet and outlet of the gases require special care. About 
the outlet-pipe nothing need be said, except that on its bottom 
a small ledge is formed, which compels the acid squirted into 
it to run back into the tower; this pipe also usually rises a 
little towards the chamber. On the other hand, the fixing of 
the entrance-pipe, which ought to have a slight fall towards the 
tower, i.s not quite such a simple matter, and at first caused 
much difficulty. It is mostly made of cast iron, and has in the 
great majority of acid-works, except in the above-mentioned 
cases, a temperature of at least 300" ( 3 - The lead of the tower, 
where it touches the cast iron, will therefore be quickly wasted, 
and any kind of cement put between the two will' not do much 
good ; in most works formerly a little gas was seen e.scaping at 
this joint, and it gave occasion for many repairs. The following 
arrangement obvihtes this drawback :—The pipe is not at all in 
contact with the lead, but with a metal casting. The latter is in 
the shape of a ring with two flanges perpendicular to the plane 
of the ring; the thickness of the metal is i in., the clear space 
between the flanges 4 in., the total hpight 8 in,, the inner- 
diameter of the ring 2 ft. 9J in. Since the outside diameter of 
the inner pipe is 2 ft. 7 J in., there is a caulking-joint of i in. left 
free all round, which can be filled up with any hard cement— 
for instanct, the ordinary rust-cement made of iron filings, 
sulphur, and .sal ammoniac; this cement can be rammed in 
hard, as it lies between two iron surfaces. In the side of the 
tower, in the place in question, there is a circular hole to the 
circumference of which an upstandinjf flange is burnt, fitting the 
outer circupiferencc of the cast-iron ring; between the lead and 
the iron aiittle ordinary tar and fireclay cement is put; and a 
wtought-iron hoop in two parts with screw joints firmly binds 



gas-pipes for glover towers ^ 

together lead.ceme.lt, and ta.st iron, Since the outer part of 
the ring is cootct\ bV the air circulating m the holloa .spau 
only a Lall part of the heat can be commun.catcd to t which 
the inner part of tfte ring reccive.s (already weakened ) the 
layer of cement) from the inner pipe ; and thoreforc-io d.lficu y 
is experienced in keeping the joint between lead and iron i ,ht. 

A^t the Aussig works the diffici’Jty is obviated by attaching, 
to t^e catir^n gas-pipe coming from the burners a short piece 



pio. 30 «. 


of fireclay pipe with a flange jojnt; the latt« 

Glover tower ; and the lead siile of this .s .imp y . ‘;‘' 

fireclay pipe by a burnt-on flange surrounding ‘''7* ' '1"" 

cement beLeen, and with an iron Fes'^-ng the cad A- g 
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hole at the bottom) is enlarged at jts end* so that it embraces 
one end of the dry-waljed anniilar-sh&.p^d brick flue c c, 
whilst tite other end is tightly held in the brick lining of the 
tower. The lead side of the latter (f e) is continued into a lead 
cylinder (//) surrounding the free portion of the flue cc; its 
end is bent round in the shape of a flange, pressed against a 
.flange of a a by means of iron hoop and screw-bolts; and 
the joint is made tight by a.sbestos packing. • 

At some works the burner-gas is carrit^ into tfee tower by 
means of pipes, made of Volvic lava, in two halves, as shown 
in Fig. 309. In this case no special contrivance is required for 
protectingthc Icadat thejoint. 

Duggan (II. P. 5012, of 
1896) employs a water-cool¬ 
ing jacket to the inlet-pipe 
for the Glover tower. 

The liniiii;' of the tower is 
made of the materials de¬ 
scribed above, p. 860, and is 
so con.structcd as to serve at 
the same time as a support 
for the packing. This is facili¬ 
tated by the fact that at the 
bottom, where the hot burner- 
gas fcnters, the lining mu.st be 
anyhow much thicker than 
Iiigher up, say 2 ft. 3 in. all round. This is continued, say, 4 ft. 
high, where the thickness of the lining diminishes to 18 in.; 
the recess thus formed serves, together with a central pillar, for 
supporting stone slabs which form a grid for the packing. Or 
ekse arches are sprung from side to side for the purpose of 
forming a grid, as shown in the designs below, by being levelled 
to a planf ^lirface at*thu top. 

riigher up the thickness of the lining decreases to 14 in. and 
at last to 9 in. 

The whole lining of the tower as well as the dome (arch) of 
the grid must be walled ihy, without mortar of any kind (p. 859). 
In order t(\make the arch sufficiently stable without any mortar, 
it shftuld not be madfe pf okiinary fire-tricks cut or moulded to 
shhpe, but of large fireclay lumps expressly manufactured for 
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the purpose, whosef sides join smoothly together. In some 
works all the bricly of the lining arc ground one upon another, 
so that only extremely small joints remain. This*is most 
easily done where t^e lining consists only of a few large blocks 
of Volvic lava (see p. 860, and below). • 

It is not considered bad work if the lining of a Glover tower 
stands for three years without having to be renewed; some-* 
times it stands much longer. 

Steuber^& Co. (Ger. I’. 227283) construct acid-towers without 
any lead shell, with double sides of acid-proof stonc.s. They 
protect the foundation against the action of acid penetrating 
there by means of channels through which fresh water is 
constantly running (t/. also the linings described siipii), p. 8O0). 

The packing of Glover towers in England usually consists of 
flints, picked from the chalk and piirifieri by washing with 
hydrochloric acid. This material is absolutely acid-resi.sting 
and docs not fly by the heat; but it does not possess an)' great 
surface, aijd it is v.ery heavy. For the latter reason in many 
places the upper third of the tower used to be fdled with 
the very hardest of coke^ but this led to .several accidents, 
by the coke taking fire when there was by chance no feed 
of acid on ; there is also always some action of the acid on the 
coke, as shown, pp. 350 and 791. Most factories have given 
it up again, but it may be still in use here ancHhere. 

Silica in the form of quartz is frciiuentiy employedbut 
some descriptions of*it are very liable to cracking in course 
of time, and filling up the gas-channels to such an extent that 
the draught, and with it the yield, is enormously impaired. 
Herreshoff (Amer. P.*335699; Ik 1 ’. 1861, of 188C) employs 
nothing but pieces of quartz within the Glover tower. As the.se 
cannot be very well obtained in the regular shape for an 
ordinary lining, he keeps the lining a foot or so away from 
the side of the tower, and fills the spar*; thus ffir(jied with 
quartz-sand. The lateral pressure due to this interior filling 
is resisted by suitable plates outside of the lead sides of the 
tower. The bottom of the tower is so con.structcd that it ^ 
resists the action of hot, .strong acid.' These towers are said 
to be nearly indestructible, and to concentrate tbe acid up 
to 63” or 64° Be. The acid from tllb ly^Aeshoff tflRers ts so 
free from iron and alumina that it is run directly into a platinum 
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still or pan, and concentration i-v completed in an iron pan, 
the hot gases from the furnace passing.'uiyder steam boilers. 
The.se tiwers have been in use ever since 1885 at the Nichols 
Chemical Co. and the General Chemical Co (Chandler, in 
/. Sfli'. C/ieiu. Iml., 1908, p. 269). 

Kalding recommends quart/, of a vitreous appearance, free 
> from cleavage-lines and adrai.xture with .schist or other foreign 
matter. A little pyrites or oxidi.^d pyrites d^ocs not hurt, 
but it must not be present in such quanti(y as to /;ause a flaw 
or to cause the quartz to " break down.” 

For jwcking the towers even broken glass or stoneware 
seltzer-water bottles with their bottoms knocked out have been 
found useful. One of the be.st materials for this purpose seems 
to be tliat supplied by the potteries at Bad Nauheim (<iermany). 
It consists of almost pure silica, is burnt at the intensest white 
heat, cuts glass, and resists both any change of temperature 
and the prolonged attack of hot acids. Lining-bricks of this 
material cost ^'i, lo.s. per ton; for packing the towers short 
open cylinders are made about 5 or 6 in. long and 4 in. wide (at 
;^3, los. per ton). Formerly these Acre thrown in without any 
special care, but this is decidedly wrong ; the cylinders should be 
put in in a regular way (see below). The Buckley Brick & Tile 
Co. also supply such “ rings ” for packing Glover towers. 
According to Gj K. Davis this packing answers better than 
the coke-packing (which for Glover towers is mo.st objectionable 
^anyhow' 1), but the damper must be used more freely and the 
distribution of the acid must be more perfect than with 
coke. 

Sometimes the Glover towers are simply packed with bricks, 
set on edge, in open work, as in a Siemens’s recuperator. 
Thc.se bricks should of course resist the action of the acid. 
Blue Welsh bricks (p. 860) are frequently employed, and even 
some descriptions of common bricks seem to stand very well 
(/. Soc. Client. Ind., 1885, p. 33). But undoubtedly they are 
always acted upon more or less, and yield up more iron and 
alumina to the Glover acid than towers lined and packed with 
Volvic lava or quartz (.see end of thiS Chapter). 

At Stolberg (1902) it has been foupcl that acid-proof bricks, 
made frorfi ground clay-slate in tlip Ruhr district, stand much 
better in the Glover tower than fireclay cylinders. The 
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hydrogen fluoride* Evolved in roasting^ blende most acts 
injuriously. ^ . 

Brick-packing and also the ordinary cylinders l*ave the 
drawback that they ^o not spread the acid or divide the ga.sc(nis 
current as well as denser kinds of packing. ♦ 

•Knab (tier. P. O7085) promotes the unimpeded tran.sit of 
the gases and prevents obstructioiis>by a special kind of packing. • 
He forms in’the centre cif the tower a column consisting of 
superposed .cylinder^,. Each cylinder is provided with si.v 
slightly inclined earthenware tubes, arranged star-shape, and 
with their outer ends reaching into the brick lining of the 
tower. These stars arcj alternately arranged .so that the pipes 
form a kind of steps, and four'superpo.sed stars fill up the whole 
.section, the pipes of the fifth star lying e.xactly over those 
of the first star, and so on. The acid is thus comi)ellctl to nm 
all round the pipes and to splash on to the pipe.-- lying below. 
The pipes have different inclinations, in order to better divide 
the acid. [Such pipes will soon crack, and the whole apparatus 
must then collap.se.] 

Saunders (Amer. 1 '. 14^.928, of 1873) employs hollow glass 
balls with one or more opening.s. 

Klcnckc (B. P. 25027, of 1908) rejects the usual coke or 
earthenware packing of Glover towers on account of the action 
of silicon fluoride containcil in the burner gas^-s on such pack-_ 
ing. He employs a lead packing, and cools the gases previously 
by means of a tower without packing, so as to prevent the, 
lead from melting. 

Even when employing some other kind of packing than 
bricks (such as flints, cylinders, and the like) it is advi.sable 
to place just over the dome two courses of the same' kind of 
bricks as serve for the lining, pigeonhole-wise, in order to 
divide the current of gas in a regular way. The packing, of 
course, must be done as .sy'stematically afld carefully* as that 
of the Gay-Lussac tower. 

Luty {Z. angew. C/iem., 1896, p. 645) states that the 
quartz (or flint) packing formerly used in Glover towers has 
been entirely replaced in Germany, first by acid-proof bricks 
or slabs, since about i88g by cylinders, about 5 in. v. ide, 6 in. 
high, and J in. thick. With fluartz packing only I2^r 15 per 
cent (after some mud has formed, only lo per cent.) of the 
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tower is empty and free for the (reactiojes, with bricks about 
35 per cent, with cylinders up to 58 pe& cent Horizontal 
surfaced are much less active than perpendicular ones, which 
are in contact with constantly renewed arid. For this reason 
the success of the bricks and slabs is not so great as was 
expected, no more than that of the Bettenhausen “dividing- 
• cones” (“ Verteilungskegel”), as .shown in Figs. 310 and 311. 
But the packing with ordinary cj lindcrs has also led to many 
disappointments (pointed out, c.^., by Guttmann in /. Soc. Chan. 
Ind., 1903, p. 1331). This is easy to understand if the cylinders 
are glazed, or if they are placed in such a position that a system 
of continuous pipes is formed. 


Kio. 310. 



U '• 14&IIIIII 

F*g. 311. 


Fig. 312. 




Fig. 313. 


Liity recommended cylinders 160 mm. high, 120 mm. wide, 
with walls 20 mm. thick, and a rough surface, placed in such 
manner that the joints are broken (Figs. 312 and 313'). They 
ought to be made of really acid-proot stoneware, not merely 
protected by a glaze which does not last very long. Even the 
best material, however, will be destroyed if improperly treated, 
especially by washing the tower with cold water, when its 
temperature is about 200“ C. Instead of this, the tower should 
be allowed to cool down, or else hot acid or hot water should 
be employed for washing. When a tower has to be stopped 
for repairs to the chambers, the air should be prevented from 
entering, because the moisture contained in it, by diluting the 

Niedepfilhr greatl.v prefci;s to this arr.angement that which is shown in 
lyg. 332, where each cyliiHer is placed a: the intersection lines of/oKrothei 
cylinders. 
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acid soaked up bv 4 |e cyliiiilers, will in consequence of increas¬ 
ing the volume ^qpl'.anically disintegrate these, even when 
no chemical attaclJ of the earthenware takes plaee. 'l*lie tower 
should not be v. a\ied with w’ater at the beginning of the 
stoppage. • 

The pi'ijord/t'il phUes, on Lunge and Rcihrinann’s system, 
which have been de.scribed on jq.). it j<v/., are not very* 
well adapted‘for packing ,a whole Glover trjwer; in the lower 
part the Indies woulj be too quiekly stopped up by llue-du.st, 
and they would be liable to crack there as well. lUU they can 
be employed very well in the upper half of the tower, the 
lower half being [Kicked with bricks set etlgeways, etc. Thi.s 
plan obviates an objection made to the Nauheim C) linders, 
vi/.., that in consequence of their comparatively large size the 
acid and the gases are not suflicienti)' brought into contact 
and the denitration is not very perfect. 

An excellent a[)plication of these plates has been made in 
a case wliere it was necessary to bring about the denitration at 
the lowest [xjssible tem|)crature, in order to avoid los.ses by the 
ammonia present in the gtis-sulpluir (spent oxide) employed. 

A small tower of onl)- thirteen layers of [ilates was [uit on the 
top of the ordinary Glover tower ; the gases leave the latter 
at 90' C., and the plate-tower at 60 C. In spite of this slight 
difference of temperature and of the smajl height of the 
plate-tower, it was found to [lerform So [rer cent, of the 
denitrating work. 1 fence the [ilate-towers must be considered, 
excellently ada[jted for this class of work, if they can be 
kept clear of flue-dust (which in the above case was retained 
by the old Glover lower). They must, however, not be 
flushed out while hot with cold water, which causes the [rlates 
to crack. 

Great success has been attained by a special kind ol 
packing, designed by Niedenfiihr on the'ijlan of tin* Lungc- 
Rohrmann plates, and shown in Figs. 314 to 317. Here the 
acid is retained on the surface in a .shallow layer, and on 
dropping down is always spread over fresh surfaces, without ^ 
the danger of the cracking of platcs'and the .stoirping up of 
holes occurring with the yrdinary Lunge jrlates. • 

Official information rect^ved from the Oker works in 1902 
confirms that since 1900 the quartz-packing of the Glover towers 

3 K 
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has been replaced by “ Lungc-Rohrmann ” '/Dacking of the kind 
just described and by dishes, with entire sWess as to the con¬ 





centration and denitration of the acid. Tlie acid issues at a 
fem'pcratiire of 150 to 160', the gases at 75 to 80" C. The 
towers receive per annum 21,590 tons nitrous vitriol of Co'' Ee. 
and 11,395 chamber-acid of. 50' Ee. Some of the sets have 
c two or three parallel-acting towers, 17 
to 21 ft. high and 6 to JI ft. square; set 
No. V. has a tower loxio ft. square 
and 33 ft. high. 

A new shape of stoneware packing 
for Gay-Lussac and Glover towers (or 
for distilling columns) is that described 
in the Ger. P. 158715 of Sauerbrey and 
Wiinsche, and shown in Fig. 318. Each 
of the clem'ents of this packing has a 
dished head, <9 and a dished bottom, 
wallis, // if, connecting these, with openings, c. This special shape 
is'meant to compel both the gases and the liquids to travel 
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in the precise H-a>-, iteiideci. The liquid rims in a thin stream 
over the surfaccj ai'd tlie j^ascs pass through it without any 
considerable pressmv. These packing elements divide the space 
of the tower into h ,rizontal layers of small cells, the lop and 
bottom of which have perforations for allowing tk' gases and 
the liquid to pass from one layer to the other. 

Rabe {Z. Client., ntoq. p, 78; iqoo, p. ;oS; tier. I’.* 

148205) describes as packing for round or sipiare towers 
“angular bodies,’’ a.-i shown in I'igs. 311) and 320. 'I'hey have 



t ie. 319. 



Fl'-. 320. 


principally perpendicular ( lanes for the liipiids to run down on, 
in a very thin layer, and his calculation makes them out to be 
ten times more efficient than clinkers of the ordinary slnqie, 
and weighing only onc-thirtcenth of their weight. 



•-..v 


Fic. 321. 

Liittgen (Gcr. 1 ’. 172445) emjdoy's lc»- reaction Cowers,'etc., 
a packing consisting of acid-proof stoneware brick.s, placed 
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edgeways, of quadrilateral or othi*'" sectiwl, with lugs in the 
centre of the ends, and bearers for carrying tl^em on those lugs. 
Their sliJipe is made clear by Fig. 321. ^ 

Evers ((ier. 1 ’. l/ebyS) describes asr packing-stones for 
coiulensatieih- a?id reaction-towers, horizontal!)’ placed stoneware 
discs, with concentric or spiral gr<)Oves on the upper and the 
•lower side; the raised p.irts .on any one disc corresponding to 
the grooves on the next higher or lower disc. • 

Wiltsih ((jcr. I’. employs cyli/ulers or*cones, with 

(k'liressions on the upper ami lower surface. 

M. Liebig (/f. ihan., lyoG, pp. 1806-1S10) discusses 

various recently proposed lorms of stoneware packing for rcac- 
tioi\ towers. Ilechiosnot think it approjiiiate to replace the 
chambers enlirel)' by stich lowers (cf. .or/’/b, pp. 0,33 ct si’ij.), as 
there is a certain time rerpiired for the union of SO.,, 0 and 11..0 ; 
but thev are very usefid as intermediate organs tor re-mixing 
the gases between two succeeding chambers. Guttmann’s ball 
packing (p. 6S0) is not so well adapted for large towers (apart 
from its e.xtremely high price) as for small towers (for nitric 
acid). For the former a packing of'clinkcrs on high edges of 
cylinder.s, of rhombic and ellipsoid bodies, etc, is preferable, 
especially Liittgcn’s rhondrobcdric grate packing, F'ig. 321 
(i>- ^7.1)1 seems to him very good indeed, better than Scherfen- 
berg’s (p. X75); he quotes very gocxl results he obtained with 
the former. 

, On the other band, F'eigensohn (r/v)/., p. 2099) strongly 
opposes Liebig's recommendation of I.iittgen's packing, which 
he asserts to be inferior to Lunge plates and to various other 
recent systems, including his own rhombohedric bodic.s. 


The Buckley Brick & Tile Company supply tiles of a special 

® shape, according to a patent of Mackenzie 
and Gibson {Cltcm. TradeJ., 1908, .xlii. p. 535). 
' TheVereinigteDampfzicgeleien-Industrie 
A. G,, Berlin (Ger. 1 ’. 191890), employs pack¬ 
ing-bodies of the kind shown in Fig. 322, 
viz., balls with funnel-shaped holes, connected 
by a central channel, which cause the gases 
' to assume a whirliqg movement and to come 


< t 'I “ ‘lb 

thoroughly into contact with the liquids. 


The Chemische F'abrik Griesheim-Filektron (Ger. P. 218779) 
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combine very thin^M)rruJ,M^yd rinjjs or prisms, whicli by them¬ 
selves would 'oc to.) wciik for supportii!}; the whole super¬ 
incumbent bur<lei. with thick outside rin<;s, etc., siTivini; ;is 
strengthening tor the firmer. 

' Peyton (B. P. iSStI, of ipoS) employs ])iicki«g-l)ricks of 
circular shape, with elliptical or conical section, presenting a 
pair of upper and lower convex surfices; on each surfice there* 
are four radi.-J bearcr.s. ^ 

VVilhelny (Gcr. I’. 2ii)7i9) shows a new kind of [lacking lor 
acid-towers, by whuii triangular reaction spaces are formed. 

Steinbrecht (Gcr. P. 2368S0) [irovidc-s the [lacking-bricks on 
more than two sides with round, oval, or .ingular nicks, serving 
for holding back the dust; after being used fir some time they 
arc taken out, cleaned Irom dust, and used over again in an 
inverted position. 

The same inventor fGer? P. a))pl. .Xicc.ty) descrUies a 
packing consisting of cubes, the si.x sides of whicli are shaped 
as invi rted p)'r,imids. 

.Scherfenberg iGer. P. i.S.tSpt ; B. P. .[’/id, of n^ori; Gcr, 1 ’. 
-3'X’72) describes packing-bricks fir reaction-toua-rs, I'tc., of 
tri.ingular, quadrangular, or polygonal section, with smooth or 
corrugated surfaces, provided with lugs fir building them u]) 
crosswise. 


Mackenzie (B. P, 17S32, of ipiiti), in lieu of loose packing, 


provides Glover towers and analogous a|iparatus 
inside with solid \Valls, connected by bridges, tlu- 
centres of one row of bridges being arranged above 
the centres of the row below. 

Petersen (P'r. P. 3S€262; Ger. P. 209681) em¬ 
ploys [icrfirated V-shaped plates, as shown in 

Fig- 323- 

Green and the H uncoat Plastic Brick & Terra 
Cotta Co. (B. P. 28004, of 1910) pack the towers 
with tiles, recessed at the corners to fake distance 



pieces by which they are built into successive floors or layers, 
each tile being provided with channels and troughs on the 
upper surface, and a series\if ribs and channels on the under 
surface. K.ach floor is compo.sed of a series of the blocks laid 
side by side and end to en^l, and tfie ftoors are s? arraifged 
that the main openings through the tiles on one floor arc above 
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the blank portions of the tiles in^ the ntyt. The ascending 
gas is broken up and deviated by the chamiels and ribs on the 
uinler siA-face of the tiles, and while liquid is Always lying in the 
recesses on the upper surfaces, it is bcing^continually changed 
by*the drip^if li(|uid from above and its flow along the channels. 

Olga .Niedenfiihr (Ger. P. iJiSTqS) describes a tower-packing 
of the shape shown in P'ig. 324, which explains itself. It is 
essential that the upright and horizontal parts should form an 
acute angle. Her Ger. P. 216342 shows tubes with projections 
at various points which fit into corresponding holes of the 
adjacent tubes, so as to produce a very good hold. Such tubes 
can be made up to 3 ft. high, and this greatl)- expedites the 
work in packing a tower. 



I'lU. .? 24 . 


Fig. 325, 


'Pile Mayor, Alderman and Citizens of the City of Dradford, 
_W. Wild and S. W. Shepherd (B. P. 19001, of 1906) pack towers 
with a series of crossed layers of vertical or inclined glass strips. 
'I'he ends of these strips fit into the grooves of specially shaped 
bricks wbicb ate built into the lining of«the tower. The depth 
of the glass strips is slightly less than that of the bricks, in 
order to allow a space between each two layers. 

^ Guttnumn (H. I'. 4407, of 1907) employs channel-shaped 
pieces, prSvidcd usth ga.s pa.ssagcs and draining-holes, and 
projections or shoulder.s, built up in a honevcombed structure, 
as shown in Fig. 325. 

Pavlitzek (Ger. P. 229999) employs cubes with internal, 
diagonal, undulated partitions. * 


Wheatley, Sheldon & Tomlinson (B. P. 17472, of 1911) 
emfiloy plhtes with ‘piojcc\ions at both ends, on which the next 
higher row of plates is resting. 
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Petersen (X. (.'//a//,, 1911, |>p, 972 to 975) discusses 

the examination oi packin” iraterial fni' acid-towers, without 
bringinf; tint thiiij' new. • 

/It’/x/if of the Cflover Toiocr. — In some cases it is preferred not 
to fill the tower to its ver)' tO[), viz,, if tlie ga.s is tlyis cooled too 
much ; for then part of the first-formed aqueous vapour might be 
conden.scd again to the liquid state, dilution thus counteracting thy 
concentratio^i. The temperature of the outgoing gas is generally 
about f)0't'.; some nianiil'acturers prefer from bo to75 ('. liutif 
too much cooling must be avoided by leaving the upix-r part of the 
tower cin|)ty, that portion might be left out altogether .and the 
tower be made so much lower. Itt fact, towers from t.s to go ft. 
high have recently been preferred to high ones. The height will, 
of course, depend tqton the heat which the ga.s possesses when 
entering the tower, thcrefoje upon the kind of ore burnt, upon 
the presence of dust-chamiiers, upon thi-length of w.ay from the 
pyrites-burners to the lower, and so forth. .According to 
numerrais notes taken by me on this sidijcct, the proper height 
for a (Hover tower, under ordinary circumstances, seems to be 
from JO to J 5 ft. At «ine works, where two towers were 
erected, one J.j ft., the other 30 ft, high, it was found that the 
higher tower did no more work than the lower, so that the 
expense caused by the additional height, both in erecting and 
packing, seems to have been usele-^s. 

The distribulion of the ooid for feeding the Glover tower’is 
effected precisely as in the ca.se of the (jay-Lu.ssac tower, either 
by reaction-wheels (.si/fri!, p. 799; or by stationary overllorts 
(p. 802). .Acid-wheels ol different descriptions are shown in 
our first edition, pp..4.38 to .(.(o, and in the second edition, 
pp. 587 and 58.S. 

h'or very large f}lover lowers it is preferairle to employ 
several spouts, running right across the top of the tower, with a 
number of lips on either side, each connected whh a pijte 
leading to a hydraulic lute on the top of the tower. The 
principle of this apparatus, which will be noticed in the 
Niedenfuhr tower. Fig. 327. (he .same as in the circular 
apparatus. Figs. 276 to 278 (p. S02), which' is adapted to towcrlT 
of smaller .sections. , 

The regulation of flic flow for*thc^(slover tower is nearly 
always effected by hand, or else by the apparatus showiT on 
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p. 807. Any apparatus for an absolutelytsonstant supply of 
liquid would be out of place here, as the relative quantities of 
nitrous vitriol and chamber-acid vary, and ^ust be regulated 
according to the state of concentration amnlenitration of the 
outflowing a(id. 

I'he. cubic content!: of the Glover toivcr worked by myself, 
,aiul shown in our first and second editions, measured inside the 
lead without taking any account of the lining, the,space under¬ 
neath the dome, etc., for a daily consumption of 9 tpns pyrites 
with 48 per cent, sulphur, amounted to 9X9X 30 ft.—that is, to 
2430 cub. ft. This for every ton of sulphur burnt daily amounts 
to about 550 cub. ft.; and this figure may be considered the 
pro])cr one for the proportions of a Glover tower; at some of 
the largest works it is closely approached. At the Saint- 
Gobain Company’s works the real working-space {i.e. that 
occupied by the [jacking moistened with acid) is from 70 to 
160 cub. ft. [)er ton of pyrites, or, say, twice as much per ton of 
sulphur; and as the proportion of the working-s()acc to the 
total space is not much more than 1 : 2, it may be said that the 
higher of the Saint-Gobain figures coines roundly to that which 
we have just stated as the normal one. 


Descrif’tion of ('oinj'lete Glover I'oxocrs. 

• In the first anfl second editions of this book (2nd edition, 
pp. 576 et sci/.) 1 gave the working-drawings and detailed 
description of Glover towers, such as were built from 1870 
onwards, and as 1 had worked myself for a number of years. 
Many towers have been erected from tlrose drawings, but I 
shall not repeat that de.scription here, as it must be considered 
obsolete now, and 1 shall in place of this reproduce the designs 
of a modern Glover tower, as kindly supplied to me by Mr 
Niedenfuhr, carried ijut in practice with fullest success at a 
considerable number of works. 

First I shall notice some recent descriptions of Glover 
towers found in literature. 

Instead of the square section at«first universally employed 
for Glover towers, latterly circular towers have come into use at 
many works/ If lined'w;ith bricks, these'are placed polygonally, 
unle.ss suitable bricks, shaped to (he proper bend, can be 
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procured. In Fraij"cc the ^towers iire lusually lined with large 
blocks of Volvic '.avij, circular in section, ^hid forming by them¬ 
selves a substaiAial lower, although, of course, wirtunil any 
mortar, so that tfie lead shell is c|uite independent of them. 
Fig. 32O (from I'remy's /innr/o/'i'i/ir t. v# section V p. 

188) gives a horizontal section of one of these circni.ir towers 
which .serves for a .set of chambers of ft. ca[)acity, ancU 

is constrnctcrl as follon sIt has a width of 6 ft. 9 in. and 23 ft. 
height, anij rests (ui a block of masonr\', set in cement and 



protected on the top by an apron of 7-lb. lead. On this are 
erected eight uprights, a a, mortised into octagonal horizontal 
frames at top and bottom. The uprights are lA 12 in. 
square, and arc connected by two rows of cross-pieces, h 1 ), 
provided with iron binding-bolts. The holding-straps for the 
lead are attached to the uprights. Fhc leaden shell consists of 
four drums, which are buritf together hi their places. The first 
two are il mm. thick ( = 25-lb. lead), the third .S mm. (= 18- 
lb.), the fourth 6 mm. (=i^-lb.). Thii* last drum* is drdssed 
inwards at the to)i edge, to be joined to the cover, which is 
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.suspended by means of straps from Jive railjMay-bars resting on 
the top frame. Untif the lead drums are in <heir place, only five 
of the ci^ht upright posts arc put in, so as ta leave a passage. 
Each drum is bevelled a little outward on tne top edge, so as 
to form a s(;at for the next higher one ; the joint is then filled 
with molten lead. The drums, before fixing, are left on the 
,wnoden cylinder on which,they have been made, and are 
hoisted and lowered down into their place with,the cylinder 
still in. The lava lining is provided for tljc first tjarec drums 
only; the fourth is left naked, as the gases are here sufficiently 
cool not to injure the lead. There are eighteen pieces of lava, c c, 
six for each drum, in three courses with alternating joints, to or 
12 in, thick; at Salindres they are i8 in. at the bottom, 12 in. 
in the middle, 8 in. at the top. The joints are made as thin as 
possible. The grate is formed by four or five sleepers made of 
lava, 1/, as shown in the drawing; they arc sometimes 
supported in the centre by a thin w'all, c. 

Circular Glover towers, even of very large dimensions, can 
be built without the applications of wooden or iron framc.s, the 
lead being stiffened by a few circular iron hoops (covered with 
lead), about 1 in. for each 5 ft. of their heiglit, 

The advantage claimed for circular Glover towers is that 
they ro(|uire loss lead for a given cubic space, and that the lead 
suffers less when it is bent in sharp corncr.s. Hut while for 
Gaytl.ussac towers these reasons may be accepted, it is, in the 
case of Glover towers, doubtful whether they are not counter- 
talanced by the much greater trouble and expense of construct¬ 
ing the circular lining. 

Honker (l()02) has built circular Glover towers of Volvic 
lava with a leaden shell which have stood for twenty years and 
are likcl)' to stand as many more; also towers without a leaden 
shell, which are chea])cr and simpler to make, but about the 
durability dT which m)thing can be said up to now. The towers 
arc placed on such high foundations that the pipe from the 
dust-chamber has a ri.se towards the tower, and can be easily 
cleaned out every mouth. The grate is also made of Volvic 
stone, frequently also the'packing, \fhich is employed in pieces 
up to the size of a child's head. These towers arc never stopped 
up vvhth mifd. ‘ , 

Guttmann (/. Soc. fiid., 1908, |). 667) reports that in 
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EnglanJ, too, Yojv-ic lavvi towers are now maiie l(' stand 
by themselves, bm sometimes a thin biiter shell ol 3 mm. 
lead is added prevent the escajie of fumes; if.n hoops 
covered with lead Jiold the lava segments together, and some¬ 
times even these are dispensed with. No woodeiv stiuctuie .it 
all is required, since even rcscrvoir.s arc dispensed with where 
automatic feeding apparatus arc ysed. ^ 

Steuberit Co. (Ger. V. 22728^) build acid towers without a 
lead shell, with doi|blc walls of acid-proof bricks. In order to 
protect the foundation agaimst the acid, channels are made m 
it through which water is continuously run. 

Liity gives a design of cylindrical Glover towers (/f. ^iwycre. 
C/u'i/i., 1896, p. 640) 10 ft. widi'. The bottom is protected by ii 
double Layer of acid-i>roof tiles, 8 x .S x 3 in. The side's aa- lined 
up to the lower side of the grate with arch-bricks, 14! jn. Ion;.;, 
closely touching the lead, and leaving a clear space of ; ft. 0 iii. 
In this lining the inlet-pipe is built in, consi.stini; of four large 
moulded pieces, with an inside diameter of 3 ft. 3 ni.; into this 
another acid-proof piite is introduced which on the outside is 
connected with the cast-iton gas-pipe by means ol sciew-bolts. 
On the door two columns arc placed, 8 in. s<iuare and 4 b. .> 111, 
high; the.se, as well as the side linings, carry a grid, omsisting 
of slabs 5 in, thick and 19 in. high, with intervals of 0-4 in f«e<l 
by stone cubes put between the slabs. The packing begins 
above the grid with two layers of bricks, 13-4 x 3-i.f x " f!/ in 
the second layer crossing the slabs. Now h.llow two layers of 
bricks, .ox 3 X 5 ' 3 b pb^ced on edge. The lining behin<l the 
<rrid, and up to a total height of 3 . ft. above the llnor consists 
of bricks shaped to tjte curve of the tower, 10 ni. thick above 
this to the top of the tower the lining rs only 5 '.S ‘'nek. he 
space above the gri.l up to the height of the outletqiipe ,s filled 
with the cylinders described on |X .S70, regularly placed m Layers 

with broken joints, ,as shown in Fig. .U 3 -* ^ .• 

Later on {Z. ant^n-zi'. Chan., 1897, p. 4 'P) I-uty gives further 
details respecting Glover towers, especially advocating t e tree- 
tion of two towers acting parallel and dividing the g.is . 

burners. This w.as morcfarticularly advocated by Niedimfuh. 

{Chan. Zeit, .897, P. C64), who also 

of tiles for packing tfle towers vth.cJi avoid tlfe diaifb.ack 
mentioned by Liity. Later on the employment of tu o paralle 
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towers has been abandoned owing to the dignity of an exact 
division of the gases, f xcept for eases where/two sets of burners 
each havS their own Glover tower, both connected with the 
same set of chambers. 

(Ve now give drawings of a Glover tower (Figs. 337 to 332) 
designed and erected in a number of works by Mr FI. H. 
■■Niedenfiihr, of Heriin, which c.mbodi('s the latest experiences in 
that line.' On the foundation we notjee, first, the .strong hori¬ 
zontal timber frame on which the four wijodcn uprights are 
morti.sed. The frame is covered by wooden |)lanking, cooled 
underneath by a network of brick channels lined with lead. 
On the planking we .see the lead .saucer of the tower it.self li in. 
high, covered with stoneware slabs. The tower is 8 ft. 2 in. 
wide and 23 ft, high within the lead (this suffices for a daily 
make of from 10 to 15 tons ll.,.SOj). The lining commences 
with 15-in, brickwork, From this springs a slotted arch, 

levelled at the top, where it has a thickness of 6 in. This 

serves as support for six courses of very open brickwork, «/, 
running in alternate directions (as shown in the drawings) and 
.sufficing for the deposition of most of the flue-dust. The wide 
spaces between the bricks arc not easily choked up, and, more¬ 
over, this part of the tower is accessible for cleaning, as it is 
covered by a second arch, «, running in the opposite direction 
to the lower arch,^ Thus the tower can from time to time be 
cleaned out, by means of a short .stoppage, without having to 
remove the whole of the packing, as is usually the case. On 

the second arch begins the proper jracking, O, of l.unge- 

Nicdcnfiihr bricks, as shown in Figs. 314 to 317 (p. 872), and 
here the lining .soon diminishes to 10 in. This packing occupies 
, a vertical space of 8 ft., and is followed by a lining of 5 in. 
thickness, and 2 ft. 6 in. of packing,/, consisting of specially 
shaped dishes. The sectional plan at this level. Fig. 332, shows 
the way tbe 5 e dishes* or cylinders are superposed (similar to 
tho Gay-I,u.ssac, [>, 796, Fig. 270). The plan and sections of 
_ tlK; top of the tower show the way in which the distribution of 
, Uie acid is effected by means of the circular overflows r, lipped 
spouts j', and hydraulic hitA /, * 

As will be noticed, the dimensions ^id especially the work- 

' \ paper by I.iity and Nifdcnfiilir (/,. Chem., 1902, pp. 244 c/rty.) 

gives a reduced copy of these drawings. 
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ing-hcight of tliis'Glovci; are much less than was formerly 
assumed to be nej^ssary, and this mean< less cost. Tins has 
become possible through replacing the okl, fortuitou*.ly acting 
packings of flints or quartz, and the much too open packing of 
cylinders, etc., by a rationally graduated and systematically 
acting kind of packing, modelled on the original |)rinciple of 
the Lungc-Rohrmann plates, but ^voiding the conditions which 
make the.se plates un.siiit4ble for (Hover towers (p. 8;i), at lea.sl 
for the prpicipal pi.rt thereof. The s|)lendid results obtained 
with this packing at the six systems working at Okerfp. 871) 
arc convincing proof of its efliciency. 

Niedenfuhr ( 1 !. 1 '. 1066, of n/xt) o'cA the burner-gases before 
entering into the chambers by utilising their heat for concentrating 
the chamber-acid, or by special purifying devices, and purifies it, 
especially from arsenic, etc., by (lassing them through washers, 
filters, or the like. The denitration is effected b)' the action ofsuch 
cooled sulphurous acid gases. A pressure generator is arranged 
before a special denitrating device, and between that and that 
part of the plant in which the acid is concentrated^ in order 
to increase the relative efticiency of the denitrator and of the 
nitric acid in the chamber, and for dc:creasing the ([uantity 
of nitric acid necessary for carrying on the reaction. 

A very important improvement seems to have been effested 
b)' II. 11 . Niedenfithr, through his Ger. 1 ’. 1,^0825, abiuit which 
Llity reports at length in /f. (//yc.-e. them., 1905, pp. 1255 fTTci/., 
of which paper we now give an abstract (it is also abstracted in 
Jing. <tnd Mill. /», I'/Jj, pji. (gtq-njjg It is well known to every 
expert that, in order to obtain the best results in acid.making, 
the work in the burners ought to be made independent of that 
in the chambers. This could not be |)roperly done as long as 
the draught-producer was arranged at the en<l c)f the system ; 
it should be plact^ between the burners and the place wdicre 
the burner-gases are oxidfsed, beginnihg with the Glover tower. 
But a great difficulty to contend with in this case is the high 
temperature of the gases and, when burning smalls, the obstruc¬ 
tion of the Glover tower by du.st. Korean the draught-producer 
be placed bctu'cen the (juVer and fhe first chamber, since the 
nitrous gases would speedily destroy any ir(jn fni-blast, and 
stoneware fans in that pjace are al.s(» objection,il)le, as’ they 
require a higher driving-power and are eery liable to breakage: 



KS 4 RECOVERY OF THE NITROGEN COMPOUNDS 

I 

When placed bc'hind the last chanjber, tht-fan is also easily 
destroyed by the ii 4 troiis fjases in their." moist state. This 
objection foLild be avoided in those cases where the last portion 
of the chamber-space is replaced by Luiiije’s plate-towers, which 
ilepFiv’c the gas of most of its moisture, so that the fan can be 
placed between the Lunge towers and the Gay-Lussac. These 
jowers also prc.sent the best .means lor removing the excess of 
heat, produced by the higher intensity of reaction,by means of 
'the dilute acid which is run down the towers.The le^st.practical 
way of getting rid of the heat of the reaction, according to Liity, 
is the [dacing of cooling-pipes hung up within the chamber 
(,-'/>/(• p. 649), nor does he think much of llenker’s plan of 
passing the gases from the last chamber through a water¬ 
cooler. The afore-mentioned improvements have allowed of 
increasing tlie former normal production of lead-chambers, i.e. 
3 or 4 kg. acid of sp. gr. 1-53 per cubic metre to 6 or 7 kl., of 
course apart from chambers combined with Lunge towers or 
the like. \ real increase of that yield is now possible through 
Nicdcnfljir's new invention, the principal feature of which is: 
dividing the functions of the Glover :*pparatus upon two towers, 
and placing the draught-producer between these. The burner- 
ga.ses first pass through a conccntrating-Glover, in which they 
giw up most of their heat and are purified from dust, so that 
they cannot any more do any damage to the fan-blast; the 
lafleff owing to tlie diminution of the volume of the gases by 
the Cooling, has hardly any more work to do than when placed 
behind the chambers. The purified and cooled gases are forced 
by the fan-blast through the .second, the denitrating, Glover 
into the chambers, and ultimately into the Gay-Lussac tower. 
The acid (nitrous vitriol) from the latter serves for feeding the 
denitrating Glover. If the denitration of the nitrous vitriol is 
to be complete, a little .steam is introdurted, and so much 
chamber-af ifl or cvei* water is addc*H that the strength of the 
acid feeding the second Glover does not e.\cccd 1-619, or at 
most 1-65 sp. gr. In that case this acid still holds nitrogen 
~acids to the amount of about 0-2 per cent, nitric acid of sp. gr. 
T33 ; it is now’ run down the firsF concentrating Glover, in 
which it is brought up to .sp. gr. i /i to 1-73 and deprived of 
the lifst trac6 of nitro^nn aiids, and^is now employed for serv- 
•ing’the Gay-Lussac towers. 



885 


NIEDENFUHR'S CLOVEU TOWiyt 

This system, iti* a plaijt for working-iip iS tuns pyrites 
(44 per cent. S), \Vhere the dnst-chaiiftiers were preperly 
managed and a temperature of the gases (.f .yio i.».p?(j was 
maintained, before,they entered into the first tilover, per¬ 
mitted of adding in this considerable i|uantities*iif cliamlH.-r 
acid for concentration. 

The following advantages accrae from this wa\ .■! proi ced¬ 
ing. The wcu'k of the butners is made independent fiom that 
of the chVrgbers; tW; latter mar- be worked with a miiiinuim of 
draught without any bad influence on the burning work and on 
the composition of the burner-gas, Since the biiiiiers are 
working with uniform draught, more concentrated burner-gas 
can be obtained, say about y per cent. SO.,; the e.xit-gases from 
the Gay-Lussac then show about 4 per cent. o.X)-gen, which is 
quite suflicient. The burners admit of much greater ch.arges 
than formerly admissible, with uniform and ver" good results, 
say 0'5 to l-o per cent. S in the cinders. Niedenfiihr's system 
also admits of combining various kinds of burners, and working 
different descriptions of ore at the same time. ,\t i';oif1)ai.\,c,;'., 
he combined for one and tile same set of chambers three sets of 
burners, one of which was worked with very bad blende, con¬ 
taining to l>cr cent, lead, and tin; other two with pyrites, now 
and then with addition of galena, without an\ difficulty in flu- 
chamber proccs.s. Moreover a larger ninnber,of burners canjx; 
charged and stirred up at the same time. There is no blowTug- 
out of gas from the burners. The chambers can be worked at 
a higher pressure than with the old system ; the gases .-ire thus 
brought into more intimate contact with (Jiie another, the 
formation of sulphuric acid and its separation are hastened. 
A set of tables, given in the original, sIujws that the tempera¬ 
tures within the chambers show but very slight variations in 
their whole length here give only an abstract of tli*observa¬ 

tions, made in 6 (rlaces in set A (a factiJl-y in I-'raift.e, with 4 
chambers),and 8 places in set li (in Austria,with 2 chambers;:— 
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Thesi; two plants have ordinar.v rectartgular chambers, but 
the new system haS also been applied t6 Meyer’s tangential 
chamber*- (p. 622), with the same success. 

The work done by this .system is very great: from 9 to 
11'5 kl. of ahamber-acid per cubic metre; it is all the better, 
the higher and the narrower the chambers are made. The 
' consumption of nitre in the, factory A, for a prolonged time of 
work, was o-6 to 0-7 parts nitric aci(J sp. gr. 1-33, for each ICX) 
parts sulphuric acid sp. gr. 1-53. , • 

The ex’ccllcnt results obtained by the application of his 
process to various entirely different systems of chambers have 
caused Nicdcnfiihr to apply for a patent for a tower-like shape 
of chambers, in which the gases travel from the top downwards, 
thus producing a more intimate mixture. 

The original paper further gives sketches for a model .set of 
chambers, as idanned by Niedenfiihr, which is to combine all 
improvements and to produce sulphuric acid at a lower cost 
than ever possible up to now. 

(In the di.scus.sion following the reading of this paper it was 
pointed out that already in 1877 Mie Freiberg factories, and 
later on American factories, worked with fan-bla.sts placed 
between the burners ami the chambers. The novelty in 
Nfbdenfiihr’s new .sj stem is the placing of the fans between 
two Glover towers, each of which has its separate function to 
per 1 ( 5 nn.) 

Nicdenfiihr’s Gcr. F. 2077C5 proposes carrying out the 
separation of the denitrating and concentrating functions of 
the Glover in the same tower. 

In Z. angt’w, Ciieiit., 1908, pp. 249 ettsa/., Schmidl, who had 
introduced the division of the work of the Glover on two towers, 
as proposed by Nicdcnfiihr, reports on the results obtained 
thereby, - lie refers to the criticisms Xjf that system by 
Ncuinani* and othefts, \?hich we have mentioned on a previous 
occasion {sn/in'i, pp. 762 <■/ si’tj.). 1 n 1906, as stated by N iedenfiihr 
in Z. rjiigew. Ckem., 1906, p. 61, twenty-.eight works had already 
. ^adopted his plan, and others were making preparations for it, 
among them the factory managetr by Schmidl. That factory 
retained tlic nitrous ^ases^by a Lungj tower, and after this by 
an ordinary Gay-LusSac, the fornjer having 0-9, the latter 31 
* per cent, of the volume of the chambers. By feeding these with 
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150 per cent, of daily ^production of acid at 60 lie., he 
obtains in the Gay-Jjiis.sac an acid containfng as much nifre as 
corresponds to 2 to 2.t per cent, nitric acid, 36 lie. l!v»running 
this down the Lunge tower, it conies up to 5.'. percent, nitric 
acid, and leaves the tower 5i)V to 60 He. strong, 'tliis nitrous 
vitriol on being passed through the denitrating-Glovcr is always 
completely denitrated, and conies,out at a strength of 57 or 
58" Be. The ^ other, the concentrating-Glovcr, |)erforms the 
concentr.l^iijn up to,6o Be., not merely of the nitrous vitriol 
from the Gay-Lussac, but of so much more chamber-acid, that it 
amounts to 210 per cent, of the rlail_\’ proiiuction. 'I'he burner- 
gases immediately before the Glover 1 . have a temperature of 
500' and upwards; the gases leaving this tower, 115 to 100 , 
and they leave the Glover 11 . with about the same temperature ; 
that*of the denitrated acid llowing out of this is too (.'. In 
this' tower about 14 per cent, of the total ])roduction of acid 
takes place. The chambers at that works produce 7 kl. acid of 
50' Be. per cubic metre, but would easily furnish 8 or 9 kl. 
if so much was needed, and in this case the Glover J. would 
also concentrate even more chamber-acid, since it would receive 
hotter gases, Schmidl further |K)ints out that I'etersen (see 
p. 888), who works with blende, employs practically the same 
apparatus as Niedenfiihr, and in reality gets no higher resu+ts 
than this. 

I’etersen {ibid., p. 1235) makes some remarks on SchiiTulVs 
paper. Schmidl replies, p. 1456. Further remarks arc 
made by Neumann {ibid., p. 174C), Schliebs and Schmidl 
(p. 1747), none of them of any practical importance. 

Nemes {Z. ongfii'. 1911, p. 592) sa>s that iNicdcnfiihr 

himself had abandoned the application of two Glovers, as the 
division of the functions caused bad denitrification and bad 
concentration [?], A reply to him was made by I’etersen 
pp. 877 and l»ll). • • * • 

Minard-Dcz (IT. B. 354073; J. Soc. Chcui. ind., 1905, 
p, 1066) places behind the dust-chamber, first, a packed tower 
in which the gases are washed by sulphuric acid and cooled to 
a temperature not exceeding 500.' The products of the 
decomposition of sodium nitrate are introduced eithttr before or 
behind that tower. Thc*n follows a seaohd packell towet in 
which dilute sulphuric acid is concentrated by the heat of tfie 
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gases, and'these are now passed through series of cylinders, 
packed with copperrlurnings, or with an oxide copper ore; the 
solution,of cupric sulphate, here formed, is withdrawn for 
crystallisation. I'rora here the gases pass into ordinary lead- 
ch'ambers, jind at last, in lieu of a Gay-Lussac tower, through 
packed cylinders, where the residual nitrous compounds are 
converted into nitric acid by means of air and water. 

Petersen (Z. a>iiiru’. Chcni., 1907, p. 1102; B. P. 27738, 
of 1906; Ger. Ps. 208028, 219829) effects an increased supply 
of nitre, as required for “intense” production’(p. 639), by 
erecting a .second set of Glover and Gay-Lussac towers, separate 
Irom the ordinary set, and fed with rather weaker acids than 
the usual strength, say 54 to 58 lie., so that it can still in the 
Gay-Lussac absorb the nitrous gases, but gives them up again 
in the Glover to SO., without the necessity of any dilution or 
of the employment of particularly high temperatures. The 
nitrous vitriol coming out of this tower is denitrated by itself. 
The whole arrangement thus consists of the following parts;— 

(1) Glover tower, fed with nitrous vitriol 60” lie. and dilute acid ; 

(2) denitrating tower with nitrous,vitriol of the second Gay- 
Lussac, 54' to 58° He.; (3) lead chambers; (4) Gay-Lussac of 
the second system fed with Glover acid 54" to 58"; (5) Gay- 
Lnssac of the first system, fed with Glover -acid 60" Be.; 
(C) regulator. This is a very important apparatus, consisting 
ofa .tower fed with cold nitrous vitriol 55 ' Be., which constantly 
circulates in this tower. It prevents any disturbance in the 
'Gay-Lus.sac, as it keeps out the agents preventing the forma¬ 
tion of the nitrous vitriol, viz. SO.,, steam and heat. The 
author discus.ses this at length, but we must refer the reader 
to the original. According to his Ger. Ps, 225196 and 225197, 
Glover acid of 57' Be. is run through the outer Glover, where it 
gets up to 60', and is now used for ab.sorbing nitrogen oxides 
in the inner Gay-Lp.sstc. The nitrous vitriol, here produced, 
goes to the inner Glover, where it goes down to 57 by the 
aqueous vapour coming from the first tower, and is used for 
feeding the outer Gay-Lussac. Or else the nitrous vitriol from 

"both G<ay-Lussacs is denitrated in the same Glover,and the first 
Gay-Lussqc is fed with chamber-acid. 

Petersen’s Ger. 'P^. 225198 deseVibes a special way of 
denitrating the acids, obtained iii two. separate Gay-Lussac 
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towers, by means of somewhat less concentrated acid, obtained 
in one of the Glovers. According to Inn Ger. 1 ’. 2:6703, the 
gases in the absorbing apparatus are treated v^ith acid, 
previously brought into contact with nitrogen oxides for the 
purpose of oxidising any metallic proto-salt present. In c*ase 
of using three Gay-Lussac towers, the acid coining from the 
second tower is pumped on to the third tower, and from this on 
to the first tower, which is placed just behind the chamber. Or 
else the J^^es and tjic acid in the last Gay-Lussac are pas.sed ‘ 
through in the same direction, or the oxidation is performed by 
adding to the fresh Glovcr-acid part of the nitrous vitriol 
coming from the first Gay-Lussac. 

Olga Niedenfiihr (Ger. P. 20776x3) also divides the Glover 
into two separate apiiaratus, viz., a cooler and a deiiitrator- 
The*acid coming out of the latter is almost completely 
denitrated, and is hot enough to be concentrated to 60 lie, b)' 
the burncr-gasc.s. On the other hand, in tlie upper, the 
denitrating space, excessive heating and con.seijucnt loss of 
nitre is avoided. Her Ger. P. 206877 provides a cooling passage 
half-way up the tower, which receives the rising vapours and 
returns the conden.scd liquid by means of sjiccial tubes. 

Klencke (Ger. P. 2194CX)) avoids the trouble caused in 
Glover towers by the presence of fluorine in the gases, which 
act upon the packing, by previous cooling in an empty tower, 
whereupon they go into a tower fed with dilule acid, and »then 
into another tower provided with lead shelves. 

Vender (Aus. P. 43749) denitrates nitrous vitriol by mean^ 
of the hot gases, resulting in the combustion of atmospheric 
nitrogen. , 

I'osition of the Glover Tower. 

.■\t mo.st works, (i,yite properl)', the Gay-I,ussac and Glover 
towers arc erected s*ide by fide, so thatHht^r tops ai^;*iccessible 
by a common staircase, and even on the same level (in which 
case the Glover towers, being much lower, must .stand on a 
higher foundation than tlie Gay-Lussac towers). It is unneces¬ 
sary to point out how much the supervision of the work, the' 
feeding of the tower.s, etc., is simplified by this plan. The 
position of the Glover towatrs being ^ive» between the hurtiers 
and the first chamber, it follows that the Gay-Lus.sac is at the - 
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greatest possible distance from the; last chamber with which it 
is connected ; but this is all the better, as^the gases have more 
time to CTjol and get dried in the long connecting-pipe. It is 
also an advantage that the nitrous vitriol has not to run very 
far' as it sametimes contains gas (NO), which impedes its free 
running. As a long pipe increases the friction of the gaseous 
current, it mostly involves providing chimney-draught or else a 
fan-blast for the chambers, which is certainly the, best plan for 
all reasons (p. 753). , , / 


Working; of the (Hover 7 'oiver. 

The Glover tower may be ojjcrated with only the nitrous 
vitriol itself running down in it, without any chamber-acid ; but 
in that case it does not deprive the acid of all the nit'rous 
compounds, but of the principal part only (down to about 0-2 
per cent of N.jO,,), and at the same time concentrates it to 
152 Tw. This acid may now be luscd again in the Gay-Lussac 
tower for absorption; and thus a circulation of acid may take 
place between the two towers. There is in this process always 
a certain addition to the acid, as within the Glover tower 
itself, by the action of the sulphuric dioxide on the nitro- 
sulphonic acid, free sulphuric acid is formed, as described on 
pp. 897 ei se(/. 

Kowever, thc"Glover tower is not usually fed (in the way 
just mentioned) with nitrous vitriol alone, except in the case of 
temporary disturbances. The apparatus is mostly so arranged 
as to be fed with a mixture of i/it/vi/s vitriol (or fresh nitric 
aei(f) and chamher-ueid, in which case not; only is the denitration 
completed, owing to the initial dilution, but a very acceptable 
secondary effect is obtained, viz,, concentrating the chamber- 
acid up to 152” Tw., and depriving it als<j of the minute pro- 
portion o.f lYitre which it'generally cbntains.'' If the acid is not, 
as is usual in England, brought in the chambers themselves to 
116" to 124’, but only to 106" Tw., it can still be concentrated-to 
144' without any difficulty in the Glover tower, even when the 
gas comes ‘from a .shelf-burner for pyrites-smalls and has 
therefore to be somewhat cooled in dust-chambers, on the 
supposition* that the 'tower is placed close to the burners. That 
> the denitration by sulphur dioxide becomes more perfect by 
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dilution is a matter of coujsi', according to the above-quoted 
researches of R. WeLer, Cl. Winkler, and irfy own. 

Where the leading-chamber makes very strong a«id, which 
does not sufficiently dilute the nitrous vitriol, the (ilover tower 
produces too strong an acid, which is incompletely denitrated 
and would injure the stability of the tower unic.ss a little water 
is run down at the same time. 

The stream of nitrous .vitriol and that of chamber-acid arc 
regulatec\(^ijirely ;»ccording to the ilegrec of denitration and 
of concentration shown by the acid running off at the bottom of 
the Glover tower. The more chamber-acid is run through (that 
is to say, the greater the dilution), the easier will be a full 
denitration; the less chamber-acid is used, the more concen¬ 
trated will the acid arrive below. There is, however, no 
difficulty in attaining both objects, viz,, to get an acid com¬ 
pletely denitrated and yet te.sting 152 Tw , if good pyrites be 
burnt, and if the burner-gas be employed ;is hot as ])ossible, s.ay 
300 C. and upwards, bj- placing the tower clo.se to the burners. 
In the ca.se of poor ores or of smalls-burners with lat^m dust- 
chambers, the denitrating attion will also be complete; but the 
concentration cannot then be carried so far. 

If it be assumed that the Gay-Lu.ssac tower receives a 
quantity of acid equal to the tot.al daily production, there r^ill, 
of course, be just the same quantity of SO^H., running down the 
Glover tower in the shape of chamber-acid, together with the 
nitrous vitriol, and therefore, according to bulk and weight, a 
little more of the chamber-acid, as this is more diluted. If the 
chamber-acid is on an average =123 Tw., equal to 70 per cent. 
SO^H,„ 117 parts by wtight of the same correspond tfj too parts 
by weight of an acid of 152 Tw., = 817 per cent. SO,H,; or 
100 V0I.S. of the latter are equal to 12S vols. of the 123 acid, and 
the latter would be^.^*he proportion in which the two acids arc 
mixed. The result would *be a mixture ef acids bf»i36 Tw. 
entering the Glover tower at the top, which can be fully 
denitrated by sulphur .dioxide, especially when hot. If less 
Gay-Lussac acid has been used than the above, the mixture of 
acids entering the Glover *tower will show a lower specific 
gravity than 136’ Tw.^ and will^ be all the more easily 
denitrated. , * . 

During the first years of the working of the Glover tower it * 
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was generally assumed that the acids mus\ vnly be mixed inside 
the tower, because (furiiig their mixture nitric oxide would be 
given oflV On this principle was founded the mixing-apparatus 
described by me in my first publication on, the Glover tower (in 
Dint;!, potp. /., cci. ]). 348), and the distributing-wheels with 
double outlet and separate distributing-chambers and pipes. 
But it follows from the calcvdation just made that a mixture of 
c(iual parts of acids, when chamber-acid of 123° Tw. is used and 
the daily make of acid is passed through the Gay^th iv.sac tower 
once a day, would be equal to 136' Tw, In an acid of this 
strength nitrososulphuric acid is sufficiently stable, at least at 
the ordinary temperature; and it is possible,and has been done 
in many places for years past, to mix the two acids before they 
enter the Glover tower, which greatly simplifies the distributing- 
apparatus. Even when only one-half of the total daily make of 
acid is u.sed for absorbing, the mixture of this with the total 
chamber-acid still comes to 131'’ Tw., which is equally a safe 
strength. If, however, the conditions are more unfavourable in 
this respect, the dilution can no longer take place outside the 
tower. If, for in.stance, the chamber-Iicid is only 106’ Tw. strong, 
131 parts by weight of it correspond to too parts of acid of 152°; 
and if of the latter only half the equivalent is taken (that is to 
sa^, 100 parts by weight of .acid of 152' Tw. to 262 parts of io 0 °), 
the density of the mixture only comes to i 1 S", at which .strength 
nitric oxide begins to escape from a .solution pretty rich in 
,nitroso,sulphuric acid ; but the above is an extreme case which 
rarely happens. 

In the.se calculations the degree of .saturation of the vitriol 
with nitrous compounds is not yet taken into account; the less 
the amount of acid used every day in the Gay-Lussac tower, the 
more will it be saturated with nitre, and there will be more 
danger of sj.as escaping from the nitrous vVip-ioI when mixing it 
with chamber-acid. •' 

The temperature of the acid running off from the Glover 
tower is usually between 120° and 130° G. (At Stolberg, in 
, 1902, it was^usually 120'^ exceptionally up to 135", the gases 
entering into the tower at 300‘, sometimes up to 400 .) If the 
work is vefy much pushed, it may reqeh 140° or even 150°. In 
the'few works where Ihis happens, no bad consequences have 
‘ been observed ; but in one works I was told that a little more 
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nitre was always used whcjicvei' the acid became hotter than 
138" C. Still the observations made therevverc not sufficient to 
establish this result as certain, if all disturbing coiiilitions be 
eliminated. The gas leaving the tower at the to[) has generally 
a temperature of from 50 ' to 80 C. (at Stolberg /rom 80' to 
120"^); it should not be above 60 , at which temperature cooling 
it before it enters the chamV)crs is quite unnecc.ssar)'. 

Hegeler ;yid Heinz (I7. T. ,54 1257) work the Glover tower in 
suqh a i\j8i^er thaWit acts as a prodm er of s/ilpluirii- m id front 
top to hottom ; furnishing hot concentrated acid, the\’ protect the 
sides of the tower against an attack by lowering the temperature 
of the bottom part, I'or this purpo,se they inject part ol the 
nitrous gases by, means of a fandriast into the burner-gases 
before entering the Gkiver tower. They assert that in this way 
they get the Glover acid up to 170 Tw, The ,same inventors 
(Ger, 1 ', 184959) introduce |)art of the gases, coming out of the 
top of the Glover tow'er, again into it at the bottom, by means 
of a special pipe, provided with an arrangement for propelling 
the gases. This process intends a better utilisation of the 
nitrogen compounds and ;» reduction ol the chamber-space by 
the more intimate mixture of the gases, and it prevents an 
excessive heating of the bottom part of the tower. The nitrous 
compounds thus pass several times through the tower aiuUare 
more thoroughly utilised for the production of sulphuric acid, 
before they pass into the first chamber, ' ' 

(Hover Towers eomieeted with Dnst-Hunters.— Ono of liorle’s 
towers, w'orking with dust-burners, had to receive the burnel- 
gas after passing through a large dust-chamber. The gas, 
therefore, onl)' reachtvl the tower 152 to 180 C, hot; and the 
temperature on leaving it varied between 3^^ tmd 1 he 

hot acid running off showed between 96 and no C, When 
this tower was onb/ employed for concentrating cbamber-acid, 
it daily evaporated 6 tons'of water anfi produced 2*ti(ns 3! cwt. 
acid of 144'’ Tw, from chamber-acid of i lOk This corresponds 
to a saving of coals for chamber-steam etpial to li cwt, per 
diem. When the tower was employed both for concentrating 
and denitrating, it supplied'daily on’-an average i tons of aciS 
of 144° Tw,, and evaporated 9 cwL of water; tha denitration 
was perfect. The kiln-g’as containe’d 7j> per cent. V volume of 
sulphur dioxide. Of course the above results are much less 
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favourable than with the usual initial temperature of 300'’ to 
400' C. Even in the latter case the tenitpcrature of the gas 
leaving tlje tower does not exceed 50 to 60" C. Such a hotter 
tower of 8-28 sq m. section, according to Vorster {Dingl. polyt, 
y.,'ccxiii. p, qri), in twenty-four'hours evaporated 1400 kg. 
water; another tower of 4'55 sq.m, section, 1048 kg. water, 
the kiln-gas containing 8 j)cr cent, by volume of sulphur 
dioxide. 

' Itvcn when in Bode’s Glover tower, Ljy an afc,yient, the 
percentage of the kiln-gas had gone down to 6 or 5 per cent, 
of sulphur dioxide, there was .still complete denitration and an 
evaporation of 7 cwt. of water dail}-, equal to 17 ton of acid of 
144' Tw. Bode calculates from this that even when calcining 
the poorest ores the Glover tower still remains a useful 
apparatirs. 

Hasenclever reported as early as 1S73 (Av., 1872, p. 506) 
that the Glover tower had been successful in combination 
with his plate-burners; I have found the same in combination 
with Majetra's or^ other shelf-burners in a large number of 
works, at all of which, of course, there were dust-chambers. 

At those works where sul[)huric acid is made from briiiistone, 
Glover towers are not so regularly employed as with pyrites- 
busners. The reason of this cannot be insufficient heat of the 
gases, as is proved by the practice of several large works where 
the' Glover tower 4 work perfectly well with brimstone-burners, 
and show all the advantages found elsewhere. Sometimes it is 
itsserted that the higher value of brimstone acid as against 
pyrites acid is impaired by iron carried into it from the Glover 
tower; but this cannot take place except with an inferior 
description of packing material, and it is entirely avoided by 
confining the work of the tower to denitrating the nitrous 
vitriol, and taking the sale-acid from the chambers or from lead 
pans put o,ycr the bur/ierS. The real' rea.son for the comparative 
neglect of the Glover tower at brimstone-acid works is this, that 
many of these works are of small extent and cheaply laid out, 
and are managed with insuflficient care, so that their owners 
Would rather'lose nitre and sulphur* than incur the expense of 
erecting and the trouble of working Glover tower-s. At several 
larget Amerfcan work.ss I found Glover towers working most 
.satisfactorily with brimstone burners. In these cases the heat 
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of the gases was fin*t utilisc,d for‘concentrating chamber-.acid up 
to 140' Tw., or eicn (in II. Glover’s sulpliiir-burner, supn), 
p. 403) to l68 ’ Tw., after which the gases entered Hie (ilover 
tower and there produced acid of 150 Tw., with a temperature 
of from 126' to 130* C., sufficient in quantiti- for a»i|)ly supply¬ 
ing the Gay-I-ussac tower. 

At larger works, |io.s.sessing a pumber of Glover towers, it is 
a frequent and conveniciA arrangement to work lliciu in ibfli'irnt ^ 
ways, vi^^partly foj making acid for the Gay-Lussac towers and 
partly for amcentrating acid for the saltcake-pans. 1 he fir.st 
should be as strong as possible, and need not be entirely 
denitrated ; it can be obtained in this state by feeding but 
little chamber-acid along with the nitrous vitriol. There is 
thus a constant interchange of acids between the two kinds of 
towers; but the Glover tower makes a good deal of fresh acid, 
so that part of it must at all events be emploi’ctl for other 
purposes. 

The acid for decomposing salt, or for sale, etc,, on the other 
hand, should be entirely denitrated, and neeil not bc«so strong 
as the former ; for this puipose much more chamber-acid is fed 
along with the nitrous vitriol. 

We have already (p. 858) pointed out the various functions 
which are fulfilled by the Glover tower. The object for which 
it was first constructed, the denitration oj the nitrous vitriol^, that 
is the recovery of the “ nitre ” from this and the restoration of it 
to the chambers, is carried out by this means in the most perfect 
way and without any trouble. It is easy to work it .so that the 
acid at the bottom contains even a slight cxce.ss of S(L (which 
is compatible with a.very slight percentage of N./d.,); nor is 
there any very high temperature required for it, especially when 
the nitrous vitriol is diluted with chamber-acid. In fact at some 
works the heat o^he pyrites-kilns or the sulphur-burners is 
previously utilised for concentrating tiTe aeid,and tnoigases only 
then enter into the tower, where they perform the work of 
denitration, together 'yith some little concentration, and are 
cooled down to the proper temperature for entering into the 
chambers. This plan is fspecially recommended for works 
where much acid is sold or is further amcentrated rectified oil 
of vitriol,” for which purposf the acid cofleentrated m the Glover 
tower is too impure (see below). This case also arises wheir 
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burnins; arsenical ores, where tlic gjscs, in Irrder to deposit the 
large quantity of flhe-dust, have to pass Very long channels 
(pp. 545 ft srrj.). 

That the fear of losing any ni.tre in tl]e Glover tower by 
reduction to nitrous oxide or nitrogen is totally unfounded, has 
been proved before (pp. H54 e( sa/.). Far less nitre is consumed 
in the manufacture of sulphuric acid than before the introduction 
of the Glover tower; and the change has in mot cases been 
so sudden that it seems impossible to overlook thia wiwence. 

The second principal function of the Glover tower is that of 
contrntnrliiii; chamber-acid, which is intimately connected with 
two other functions: cooling the giiscs and supplying part of the 
steam for the chamber.s. The concentrating action of the Glover 
tower was first studied in detail by Vorster {Dingl. poly(. 
ccxiii. p. 413), but he neglected the acid brought over with the 
burner-gas as SO,, and that formed within the tower itself. 
Hoth these sources have been taken into account in the inves¬ 
tigation of .Scheurer-Kcstner (Hull. Soc. (hem., xliv. p, 98). 
h'rom hi*, analy.ses of burner-gases it appeared that these 
contained up to 9 parts of SO., to too SO.^; the average was 
about 3-5 parts. .As there is enough water even in the air and 
the pyrites to hydrate the SO,,, it is sure to be retained in the 
Gldver tower, lie further shows the mistakes committed by 
Vonstcr in his calculations, from which the latter had con- 
cludeil that very little acid was newly formed in the tower; and 
he opposes to this not merely the practical experience, accord¬ 
ing to which the introduction of a Glover tower saves from 
10 to 20 per cent, of chamber-space,'but also .some special large- 
scale experiments made with an actual* tower at the Thann 
acid-works, by carefully measuring for some weeks the excess 
of acid coming out from the tower over that going in. Thus it 
was found that the Glover towers made 15' Nto i 6'3 per cent, of 
all the acid produceddn fhe manufacturing apparatus. To this 
should be added the acid volatilised or mechanically carried 
away from the towers into the chargbers, which was (only 
partially) estimated by measuring that which condensed in the 
connecting-pipes, and which amounted to 2 or 2j per cent, of 
the total make, bringing thf action of tjie towers to 17 or 19 per 
cent.*' This was entirdly proved by the result of prolonged, 
‘ working on the large scale; for the same .set of chambers which 
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had previously made 6 toiij of (*).V. in twenty-four liours, made 
7-28 tons, or 17-5 ^cr cent, more, after afidin^' a Glover tower 
to the apparatus. * 

Hence the concentration ob.servcd in the Glover tower is to 
a great e.xtent only an apparent one; it is nob nierely’diie 
to volatilisation of water, although this also tales place ti> 
a considerable extent, but also to the formation of very much ' 
H.2SO1, whic^i dis.solvcs iy the acid useil for feeding and rai.ses 
its streirjtJ^ • 

In a previousl)’ quoted |)apor (AVr//. .See. I ml. .Midhou.w. iSSo, 
p. 267; abstracted by me in /.. Clifm., jS.So, p, 275) 

Sorcl has tried to follow the functions of a Glover tower, so 
far as they refer to the JorDuilion of frosh sulfliiin'o <ui<l, b\' 
elaborate calculations. We must omit the greater part ofthc.se, 
as lie at the outset commits several grave errors which ihodifv 
.some of his figures to the extent of four or fve times the real 
values. This refers es|)ccially to .Sorel’s calculation of the 
number of times the nitrous gases enter into reaction (hiring 
their passage through the Glover tower, and the tim*- occupied 
by each such reaction ; we shall, therefore, substitute for these 
a new calculation, based on the figures to be given later on, 
indicating the real quantities of nitre sup|)lied to the tower 
in one shape or another at a well-managed works. Weanay 
assume that for each icxi |)arts of sulphur burnt in twenty-four 
hours there is in ordinary ca.ses sup|)licd to the chamixlrs the 
equivalent of 10-25 pa-rts of commercial nitrate, of which about 
5 = 7.32 parts are in the shape of nitrous vitriol, and i 
parts in that of fresh nitric acid. These would yield the follow 
ing quantities of oxygen for each ton, sa>- nxiolg., of sulphu 
burnt, on being reduced to nitric oxide: 

73-2 kl. 96 per cent, nitrate as 


nitrousVitriol yield 

20-3 kl. ditto as nitric acid yield 3 x- 4 X 9 fi 


«5 


r j;l. oxygen. 
=^;-S2 


Total 14-43 

Now each lO parts of oxygen oxidise 32 parts of sulphur, 
entering the tower -in the shape of Sf).,, to n.,.SO,. Ilenc* 
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the above 14-43 kl. of nitric oxygen .will produce sulphuric acid 
from 28-83 of sulphtir, if its action is cxe-,'tcd only once. In 
reality, hoy/cver, up to 250 of the total 1000 S are converted 
into II.iSO, within the tower, which certainly includes the SO., 
carried over, from the kilns; but as this on an average does 
not exceed 3-5 per cent, of the total S, we shall be .safe in 
assuming that 200 kl. S, as ^().„ are actually oxidised within 
the tower, so that 200 — 28-8= 171-2 kl. of S have h|een oxidised 
' by renewed action of the nitrous gase.s. Considy4j,'jjj/ further 
that the nitric acid is reduced to NO, and that in the further 
reactions this transfers upon SOo only as much oxygen as its 
equivalent of nitrous vitriol, the total oxygen transferable by 
each single action of the nitre present is only 6-61+2-21 -=8-82 
kl., equivalent to forming sulphuric acid from 17-64 kl. sulphur. 

There mu.st, hence, have been or, roundly speaking, tcu 

17-tMi 


snhsi-quait transfers of oxygen upon SO.^ within the Glover tower 
after the first action of the nitre introduced. 

We c?n also calculate the time occupied by each such 
transfer. The cubic contents of an ordinary Glover tower, 
counting the space within the lining from the surface of the 
grate to the top, varies from 180 to at most 300 cub. ft. per 
ton of sulphur burnt in twenty-four hours. If we take the 
very usual capacity of 200 cub. ft., and deduct 50 per cent, 
for the packing (which is probably below the truth), and if we 
further a.ssurae that the denitration is practically complete half¬ 
way down the tower (which is decidedly allowable), we 


get = 50 cub. ft. as the real empty space within which 
4 ‘ 

the acid-forming reactions take place, or slightly under 1-5 cb.m. 
Now the volume of ga.ses given off by the combustion of 1000 
kl. of pyrites-sulphur in a properly conducted operation is, 
as shown j)h p. 553, about 8144 “cb.m., calculated for 0° 
and 760 mm. pressure. From this we must make a .slight 
deduction for the ga.ses taken out by the formation of H.^S04, 
say, up to the middle of the denitrating zone, equal to one- 
tlnthofthe Mtal SO., = 7ofb.m.,ancfthc corresponding quantity 
of oxygen, equal to 35 cb.m., leaving ^039 cb.m, at 0° and 760 
mm. pressure) or, roundly 8000 cb.m.^ As the average tempera¬ 
ture of the denitrating zone is about 90“ C., the above quantity 
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of gases in realit>» occupies a'space of about 10,71x1 cb.m., 
or = 7107 tunes the active space, tfiat is the deni'rating 

zone, of the Glover tower, lienee the sojourn of tlie gases 
within that .space is "■* ^ _ , or as nearly as po.?siblc twelve 

second.s. Hut wc have seen thaj there arc eleven successive ' 
actions of the nitrous ga.ses upon SO., within the tower, so that 
each oPtl^^, coi^isting, according to the older theorie.s, of 
an oxidation and a reduction, or, according to the modern 
theory to be developed in the next Chapter, of .the formation 
and decomposition of nitrososulphuric acid, cannot reriuire much 
more time than one second. 

We may draw another important inference from the 
estSbli.shed facts. The usual allowance of chamber-space |)er 
lb. of sulphur burnt in twenty-four hours is 20 cub. ft., or .).4,8oo 
cub, ft. per ton of sulphur. Of this ton, one-fifth is oxidised 
into sulphuric acid in the Glover tower, leaving four-fifths for 
the chainber.s. This means that 50 cub. ft. of acti^’ Glover- 
tower space, as defined above, make acid from 0-2 ton of 
sulphur, or 1 ton of sulphur here requires 250 cub. ft., whilst 
44,800 cub. ft. of chamber-s|)ace make acid from o-8 ton of 
sulphur, or 1 ton in this case requires 50,ocxi cub. ft. In n 4 her 
words; the dcnitmihn^ reonc of the (Hover tover makes more than 
200 tinies more acid than an equal euhe of thfmher-space. *lf we 
take the minimum* chamber-space allowed at most English 
or German alkali-works, viz., id cub, ft. per lb. of sulphur- 
35,840 cub. ft. per ton, this still means 44,.800 cub. ft. for the 
acid really made withtp the chambers, or oril)' , !„ of the activity 
of the Glover tower.' 


Raschig (Z. angew. Chem., 1(409, p. 1183; confirms my 
estimate of the share of the ordinary Glover tower in the 
production of sulphuric Aid, and qifoteir results*<(J)tained by 
Quincke at Leverkusen to the same purpo.se. 

We shall now better understand why 1 recommend replacing 
a large portion of the chamber-space by columns acting in a 
similarly energetic way as Glover toA’ers (pp. 657 ‘ct seq.). 


1 Tliese calculations arc,more correct tlian yhosc I lujtc ^iven in tli( 
Z. angev). Chem., 1889, p. 388, pn (lie basis of Sorel’s soiucw hal d6ubtfu 
data and altogether wrong calculations. 
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This enormous action of the Glover towqr is explicable on 
the assumption that the nitric oxide set free in the lower parts 
of the clen|trating zone, according to the equation 
2S0,N1I + SOo + 2 1 1,0 - 3S().,11, + 2 NO, 
is fixed again in the upper parts by the reaction : 

2 N() + 2 SOj + I J.,0 + 30 ^ 2 SO NH ; 

the nitrososulphuric acid thus re-formed on descending into 
the lower regions is deiiitrated again, and nO, thus flying 
backwards and forwards, incessantly and quick'Ty transfers 
oxygen upon the sulphur dioxide arriving in the shape of 
burner-gas. This action, which of course equally takes place 
in the chambers, is in the Glover tower immensely aided by 
the continuous mixture of the gases and their constant shocks 
against surfaces wetted with nitrous vitriol. The very Irfrgc 
amount of heat produced by the chemical reactions cannot give 
rise to any considerable elevation of temperature, tis the heat 
is exjjended in evaporating water from the acid trickling down, 
and concentrating this acid, as already pointed out. 

If the tower be too high, and if .the top be kept too cool 
(which will depend upon the former), much less than the above 
calculated work will be done in it. In this case there will be 
a considerable condensation of the steam, generated below, in 
the upper region of the tower; this will facilitate the denitration 
near the top itsclf,‘and the NO here generated will be carried 
over into the chamber without performing the above-described 
multiple work. Experience has indeed long ago shown that 
Glover towers ought not to exceed a certain height (25 or at 
most 30 ft., if. p. 877) to do the best possible work, both for 
evaporation and for forming new acid. Rut Sorcl, in my 
opinion, goes very much too far in advising that the Glover 
towers should be kept as hot as possible, and should be fed with 
as concentrated an :\cid*as possible. He hooks at one side 
of the question only, and that decidedly the less important one, 
viz., that there should be as great a production of acid as 
possible within the Glover tower, by * retaining the nitrous 
compounds within it a very long time. He neglects two other 
considerations of much greater importance: that by his mode 
of co.iductin(r the prt)<ess‘the dcuitrating work is greatly 
ynpaired, so that the acid issuing at the bottom carries away 
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very sensible quantities of nitre, and that by the "I'eat heat ol 
the gases and the cq|icentratio.n of the acid.thc life of the tower 
is very much shortened. Sorel’s plan interferes both with the 
complete denitration of the nitrous vitriol, and also with the 
important action of the Glovtr tower for bringing tlje chamber- 
acid just up to the strength required for decomposing salt, etc. 
(say 140" to 145 ' Tvv.j, merely in order to force rather more SO., 
through the chambers than they can otherwi.se manage to 
o.xidi.se; butVn's object ‘does not seem worth incurring the 
serious dt^tf^cks just mentioned. 

In order to make the burner-gases enter into the Glover 
tower at a/irg’///i7///tTcr//rn', Hartmann Hcnker (hr. 1’. n/>70,t) 
employ a relatively' small dust-chamber, with a grid charged 
with broken bricks, pumice, or the like, through which the 
bur*er-ga.ses travel from the top downwards. When the 
purifying material has lx come useless, it is renioved by an 
opening below the grid, provided with a damper, without 
interrupting the process. 

The Uinted Alkali Co. (li. 1 ’. 174b, "1 1907) arraui^e for the 
same purpose, in the dues (^jading to the Glover, pl.ites charged 
with electricity, which retain the flue-dust and other impurities; 
thc.se are from time to time removed. 

Olga Nicdenfiihr (Gcr. P. 206S77) cools the gases in ihe 
middle part of the tower by means of cooling-pipes arranged 
about half-way up the tower, without at the *unc time ccvjling 
the acid running dow*n. 

An interesting application of the Glover tower is that fof 
utilising the nitrogen acids remaining in the av;,\Vc (UhI frum llu 
manufacture of nitrobenzene and nitroglyeeniie; these arc useil 
in some works for running down in the (ilover tower. 

The following drawbacks are connected with the Glover 
tower, the first of which is, however, only' temporary, and much 
less felt where thert is no toke-packing in^the (iloKcr, but only- 
in the Gay-Lussac tower. This coke communicates to the 
acid, especially at the beginning, a hroion colour (due to organic 
substance.s), which is qfiite immaterial to its technical aijplica- 
tion, but injures its sale. After a little time thi.f ceases, and 
the acid running away from the Glover tower is then as clear 
as water, and, on account of its string /^fraction bf light laric: 
oily appearance, is copiparcS by the workmen to “ gin.” 
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The contamination with iii)n is pcrmanant, and is somewhat 
stronger than in acid made from the sameJ pyrites in ordinary 
chambers^ simply because the tower at the same time serves for 
keeping back the flue-dust. According to 1 lasenclever, his 
GlOvcr-towijr acid contained 0-05 per cent, of iron {BcrL Ber., 
1872, p. 506). 

Besides iron, the Giover-tower acid frequently contains 
considerable quantities of aliitinini, of course in oroportion to 
the resistance of the lining and packing-mgterialj;q ^the action 
of the acid, and also of arsenic. 

The flue-dust and the sulphates of iron and alumina are 
often formed in such large quantities within the tower that it 
cannot be worked for any considerable time without being 
washed down occasional!)- by a strong jet of water. But in the 
long run this is not sufficient; the interstices get filled up with 
hard crusts, and the tower must be .stopped for repacking, 
which is a very troublesome and expensive operation. It is 
hence advisable to go to some extra expense for the best 
obtainable lining and packing-material. 

Where the (jlover-tower acid i,s.only used, apart from the 
service of the Gay-Lussac tower, for decomposing salt, for 
manufacturing manure, and for many other purposes, its 
impurities are of no consequence. But it cannot be used for 
such purposes where those impurities would be troublesome, 
and especially not for higher concentration to “ rectified O.V.” 
in gla.ss or platinum retorts, as then hard adhering cru.sts of 
ferric sulphate are formed. Even then the use of a Glover 
tower need not be relinquished, but it must be cither treated 
only as a denitrator, the heat of thf burner-gases being 
previously utilised for concentrating acid {ef. pp. 439 and 542 
and Chapter IX.), or else the acid required for the manufacture 
of rectified O.V. and similar purpo.ses is taken out of the first 
chamber ij'ithout passing it through The tower. 

With Glover towers constructed on the Herreshoff system 
(p. 867), that is, with quartz lining and quartz packing, there is 
no alumina in the Glover acid, but the iron and arsenic derived 
from the flife-du.st still remain .-fS impurities, so that there 
cannot be jnuch difference as regards the enusts formed in 
platkium stiffs. ‘ « 

u ' An interesting application of the Glisver tower is that for 
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uiilising the tmu/e at/dsfiviij the %ianuf(xelure of nilrobcneote tind 
nitroglycerine. At Wic Schuiwbcck works,‘and in man)' other 
places, these acids are run down in the Glover towty and are 
thereby denitrated. 


Dcnitraliou by Other Menus. 

The proposal of Garroway (IV 1’. 1673, of i.S.S^) to effect 
the dcnitratiq^i and concentration of the acid without a Glover 
tower, by,*jj)(iftns of stoneware vessels placed in the oas-llue 
between the burners and the first chamber, seems to offer very 
little prospect of success. 

Windus (B. F. 367, of 18S2) proposes, instead of denitratiii}^ 
the nitrous vitriol in Glover towers, to do this b)' .apitatinp it 
within the chambers, and promoting' the di,sen;jngcment of the 
gases by producing a vacuum. The agitation is to be produced 
by mechanical means, or by allowing thin jets of acid to fall 
into the acid at the bottom of the chamber. It is unnecessary 
to point out the impossibility of denitration by this procedure. 

Dcr Norske Akt. f. Klektrokeniisk Ind. and Malvorsen 
(Fr. F. 363157) dissolve nftrous vitriol in an cxce.ss of strong 
sulphuric acid, add a little water and an o.xidiser, such as MnO,,, 
Pb 0 .j, CrO.j, or a chromate. The product is distilled in iron 
retorts, to obtain nitric acid, and the residue electrolysed* to 
recover the oxidiser, thus; 

(;r/8()|).|*t6ILO o;f'i(b t 3H ,S(), I 3II.. 

Salessky (B. F. 20131, of 1910; Ger. I’. 232570; I'r. F. 
419609; Swiss F. 52712) states that the denitrating process in 
the Glover tower is n»’er assi.sted, but rather impeded by the 
presence of SO.^ in the gases, since the reduction may go a.s 
far as N., 0 . He therefore denitrates with air only, which i.s 
heated to about 200'and blown by means of a small fan into 
the Glover tower, wliich in‘this case does »ot receife^he gases 
from the burners, and is fed with water or weak sulphuric acid. 
His B. F. 20131,of i9io,(jre.scribes supplying the nitrogen oxides, 
before they reach the chambers, in an enclosed space with air,^ 
to such an extent that they*are as niuch as possitle oxidi.sed 
into nitrogen peroxide. 
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CIIAI-TER VII 
TUK cii A M i;kk-1'Ru(;|';s.s 
ihc Chambas. 

Cin'criiig the Chamhci'-hottoin with Acid .—in order to start a set 
of chambers, first of all the chamber-bottoms must be covered 
with acid. This is absolutely nece.ssar)' when the sides are not 
burnt to the bottom, but hang loosely down into its upstand, 
as here an hydraulic seal is required to keep the gas within the 
chamber. Enough liquid for the sides just to dip into it is 
sufficient; for as the lead c.\-pands on the chamber getting 
warm, and as the liquid constantlyfincreases by condensation, 
the hydraulic .seal is constantly improving. However, for 
reasons to be stated liereafter, it is preferable to make the depth 
of Ticiil as great as possible from the outset. Only in extreme 
cases water or very weak aeid should be takeji for luting the 
chairlber; acid should rather be bought elsewhere at some 
expen.se to avoid this. If it can be done, the proper thing is to 
bring up the bottom-acid at once to at least about 90 Tw., 
better too'. If this cannot be effected, this strength ought at 
least to be approached as nearly as possible. The reason why 
starting a chamber with water or very weak acid should be 
avoided is, that otherwise the vapour of nitric acid dissolves in 
the bottom-liquid and acts upon the lead. 

Even ’fill the nitric‘acid freshly'" supplied were decomposed 
by sulphur dioxide before reaching the bottom, the presence_of 
water or very dilute acid in large quantity would cause the new 
formation of large quantities of nitric acid from the lower 
’oxides of nitrogen (N„ 0 ',, X.jOj, and NO), and, on the other 
hand, of nitrogen protoxide, N.,(); there would thus be a great 
lo.ss'of nitre in both’shapes, apart from the action of the lead, 
and the reactions within the chamber would be quite irregular. 
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Altogether the cliHmber-prpcess* only goes on properly when- 
there is an abumh'tnt quantity of pretty* strong acid at the 
bottom of the chambers. If the sides are burnt to tke bottom, 
it is even preferable to start ^a chamber dry to starting it with 
water; but otherwise a layer of about 4 in. of j*cid on the 
bottom of such chambers is preferred. 

Supposing the chambers to be luted with acid, and the 
burners to be heated up. so that they can be charged, the 
connection«JyiweeR them and the chambers is made and the 
hunifr-gas .'dlow'cd to enter. Of course sufficient draught is 
given and nitric acid admitted at once, but at first no steam, in 
order not to dilute the bottom-acid too much. The nitrit <iiid 
is introduced precisely in the same way as later on, either as 
vapour or in the liquid form. At first about three or four 
times as much is put in as is necc.ssary afterwards, because 
there must be a stock of nitre-gas collected i,i the chambers, 
which subscciuently nee<ls only to be renewed so far as ;iny 
loss is suffered. Liquid nitric acid can be introduced much 
more (juickly than gaseous, since the latter depends*upon the 
heat of the burner-gas wording the nitre-oven ; but running too 
much nitric acid at once into the chamber must be .avoided, 
since it might not be decomposed entirely before reaching the 
bottom. This can hardly happen when introducing it throtigh 
the Glover tower. At the beginning from 13 to 15 parts of 
nitrate of soda, or ii.corres|)onding quantity of nitric aci<l,"must 
be employed to ic» parts of sulphur; and this must be 
continued till the last chamber turns yellow'; then the quantity 
is gradually diminished till the proper point is reached. 

MacCulloch (C'/n’;/*. AVa'-r, xxvii, p. 136) prescribes starting 
the chambers by admitting steam and nitre-gas from the 
steam-column ((/! p. 849) for five or six hours before the burner- 
gas is admitted. In that case, he says, the chambers work well 
from the first, and in one Instance showed acid of ^65 at the 
drips already in twelve hours. This may be so; but that 
process, while saving a, little time and possibly a little nitre, 
from the outset detracts much from the durability of the 
chambers, since during the hvc or six hours when they receive 
only steam and nitre-ga.s,very much,nitric acid must condense, 
and whatever is gained by the drips*is .again lost by* the 
previous dilution of the bottom-acid. 



906 


THE CHAMBEU-PROCESS 


As sooi! as the drips and' test-pliis,'s pmvc that sulphuric 
acid is already forming in the • chamber,'r/mw is admitted, 
usually op the second day, but at first with great caution. 
Then all the factors of acid-making are at work, and the same 
rules are nwv valid as for the ordinary process. If .everything 
is in proper order, and if plenty of nitre is used (which is 
all retained in the Gay-Lus.^ac tower), a chamber may be in 
regular working order on the fourth, sometimes even on the 
third day after starting. . L.,t. 

We must also take into account the opposite case, viz., w/ie/i 
a set of chambers has to he stopped Jor repairs. It may be 
necessary to do so for one or two days, and it is, of course, 
most important to be able to go on again as (piickly as possible, 
without losing too much nitre. If the proper precautions arc 
neglected, it is possible that .so much nitric acid is produced 
that the chamber-lead is seriously acted upon. To avoid this, 
we must proceed as followsFirst of all, the pyrites-burners 
arc stopped ; no fresh charge is put in, and all openings are 
closed asHghtly as possible. Next to this the supply of nitre 
is stopped, but that of steam is continued, so long as the gas of 
the last chamber shows any outward pressure. When this has 
ceased, and there is, on the contrar)’, .some inward suction, the 
outlet damper is closed, and air is allowed to enter at some 
lute, manhole, sight, etc., to avoid forcing-in of the chamber- 
walls "by the atmospheric pressure. Even now a good deal of 
acid is produced, as proved by the action of the drips ; but the 
steam should be shut off as soon as the drips go down to too' 
Tw. When the drips cease to act all openings are shut. If 
the burners are started again within Jthree days from the 
stoppage, it is only necessary to put on a good supply of nitre 
in order to get the chambers to work again ; the regulation of 
the steam must, however, be as carefully attended to as when 
starting a jidiv set of phalnbers. 

Supply of Air. 

The object of a regular chamber-process is of course this 
lo make froth a given quantity 6f brimstone or pyrites the 
greatest passible quantity of sulphuric acid with the smallest 
possible consumption 6f nitre. We may add at once, as less 
.decisive, but still of importance, that the. chamber-acid should 
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be as stroll" as ii> compa^'ble tvith the two conditions just 
stated and with preventing damage to tlte chamber-le id. In 
order to attain that object, the attention of the, chamber- 
manager must be directed to man)' points, some of which 
have already been treated of in detail, whilst oUiers will be 
enlarged upon here. 

1st. Complete Comhmtion of the S/ilf/ii/r-ore. —This, with 
brim.stonc, follows as a {natter of course ; with jiyrites it is 
much mor# (I'lJiciilb (<;/! also pp. 442 /•/ ,ro/.). 

2nd. Pivpcr Composition of the /oiri:rr-:;iis. This also has 
been treated of in the 4th Chapter; and we will here merely 
repeat that the proper composition of the hnrner-gas almost 
entirely depends upon the regular siijiply of air produced by 
projrer legiilation of the i/rinip/it. \Ve ha\'e already seen 
(p. 452) that, apart from chemical anal)'sis, there are practical 
tests to show at the burners whether the drai ght is right or 
not. Hut at the chambers themselves this must eipially be 
looked to, by means of the man-lids in the top, or the test-plugs 
(p. 701), or by jirc.ssnrc-ganges or anemometers 701 and 
767). Generally, the follitiving rules may be laid down as a 
rough guidance:— 

In a set of three chambers the first chamber should show an 
outw'ard pressure, and, accordingly, the gas should issutf in 
force whenever a [dug is opened. In the middle chamber the 
gas should be prett); nearly in c<iuilibrium w*th the outcA" air; 
in any case there should be rather a little outward [iressurc 
than any inward suction. In the last chamber there may be 
some, but very little, inward suction ; and behind it, but before 
the damper, the suction should be very perceptible. The 
Rhcnania works (1902) keep some pressure throughout the 
chambers, diminishing gradually from front to back, the suction 
beginning only behind the Gay-I.ussac, and this is also dcjiie at 
other well-manage 3 works*known to tlie author. *rC«app com¬ 
pares the chambers to a lake traversed by a river: the speed of 
current at its inlet is ^imini.shed in the interior of the wide 
basin so as to be almost imperceptible ; but at the outlet in the 
narrow draught-pipe it agaitf comes out with the same strength 
as at first. I’ayen's Prhis (i. p. 3^8) states the ^jccd of the 
gas within the chambers to^e 8 to 10 ifi. per minute. 6/Talso 
Niedenfiihr’s measuretnents of pressures, p. 677. 
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Generally, it may be said that the draus^fcj; must be sufficient 
o cause a proper working of the .burners and the proper com- 
wsition of the gas, but no more than this. The draught should 
le observed not merely by practical indications, but by testing 
hc'burner-gas for SO., and the exiV-gas for 'O. The rule given 
an here be stated more precisely in this form:—There is so 
nuch (Ir.aught given that _the burner-gas from brimstone 
pproaches a percentage of 11 per cent, that from pyrites 8 per 
ent. SO.,, as far as circumstances permit, ancK that the gas 
ssuing .at the end still contains 5 or 6 per cent, of ok^'gen. 

A most important.control of the working of the chambers, 
.0 far as the draught is concerned, is exercised by testinsr the 
xit-t^asi's for oxvi:;i'n, as has been described (p. 578), and will be 
nentioned hater on in this Chapter. But there is no agreement 
)n the epiestion as to what is the proper percentage of o.vrgin in 
hamher e.vit-ga.xs. Only so far there is general agreement that 
i certain cxce.ss ol oxygen is rcrpiircd, over and above the 
hcoretic.al quantity, in order to promote and hasten the 
egencrat.ion of nitric oxide to nitrons acid, etc. Bode 
yUeitrage, ji. 15) .assumes as a miv'.imum 6 per cent, of free 
oxygen in the exit-gas of the chambers, and mentions that .at 
8 per cent, free oxygen the yield had been ([uite as gof)d as, 
and the consumption of nitre even a shade better than, at 6 
per cent. According to Hascnclever (Hofmann's Report, i. p. 
370),'in 1866, bcfi'irc Schwarzenberg, Gcrstcnhdfer had alrc,ady 
calculated the theoretically best composition of burner-gas, but 
h.ad only communicated it privately to several factories. Ilis 
figures, which do not materially differ from those quoted 
(supra, pp. 556 and 558) are:—for brim.stone, 

10-65 per cent, by volume of St).., 

'0'35 .. 0 , 

7 'J-oo „ „ „ N; 

.. > • < 
for burning pjaites, 

8-8o |)er cent. Ijy volume of SO.j, 

P-lio 1. n .> ' O, 

. , Si-f)0 , „ N. 

Scheuror-Kestner also assumes that the percentage of oxygen 
in the exit-gas = 6 per'cent. I le has, however, proved that the 
(.oxygen in the hurner-gas is considerablj’.less than according to 
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the above calculation, probably awing to the form.-ftion of SO., 

(P- 565)- 

The above is not universally accepted. Vogt cmucnd.s 
{Dingl. po!yt. /., ccx. p. 105) that there ought to bc’only 3 or ' 
4, never above 5 per cent, tixygen in the e.scaping chamber- 
gas ; oxygen beyond 5 per cent, he calls " very bad work.” 
This opinion is shared by some, but not by many, other 
practical men. The other extreme is found at a large alkali- 
works visited Jay nie, whefe it is believed that the best yield of . 
sulphuric'•CuT is obtained with 10 per cent, of oxygen in the 
exit-gas, certainly with a somewhat larger consumption of nitre 
than when 5 or 6 per cent, of oxygen is adhered to (4 per cent, 
of NaXO.| u|)on the charge of sidphur, instead of 3 per cent.). 
The neighbouring works, burning the same pyrites under 
idotitical conditions only allow 5 to 6 per cent, oxygen, and I 
think this decidedly right. 

Hut if it is e.stablishcd that a certain exce.ss of oxygen, 
althougii its presence increases the volume of gas, yet also 
increases the energy of the action in the chambers, it is, on the 
other hand, at least as ^well est.ablished that loo* great an 
excess of air vastly diminishes the ) ield and seriously increases 
the consumption of nitre. Wit here refer to the account tif 
Olivier and Ferret’s first trials with pyrites (p. 455). ^ 

VVe may assume that in (lermany the minimum and 
maximum of oxygen in the exit-gases is kept between 4 and 8 
per cent. In Frande it is rather lower, say 3 or 4 per cent.; but 
in England the higher figure 7 or K ])er cent, seems to be pre¬ 
ferred in many |)lace.s. So far as my experience goes, a meriium 
figure, 5 or 6 per cent, oxygen, would in the majority of cases 
be the (rroper one to aim at, but, if tinything, 1 would rather 
allow a margin a little below than above that figure. 

lixa'sshv cli-iiiig/il acts in a different wa>', according to 
whether the admiesion ot air to theLurners is rtjgulatcd in the 
proper manner or not. If the action of*the cxces.s* of draught 
extends to the burners, they will become too hot; sulphur will 
be sublimed, especially from brimstone-burners, but even from 
pyrites-burners, and in the latter, .scars will be formed. If, 
however, the excess of draught is very great,^ the burners 
may, on the contrary, iJecome cooltd ly the excc*>s of air. 

If the admi.ssion^of ait* below the burner-grates is regulated 
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so that thcie do not receive too much air, a.) excessive draught 
at the end of the system must produce a diminution of pressure 
in the chambers ; air is aspirated through the tiniest chinks and 
crevices, and in very bad cases the sides of the chamber may 
be drawn iij. ' * 

In both cases “false air’’ gets into the chamber (which 
means too much oxygen and inert gases), the chamber-space 
is badly utilised, and the excess of gases carries away both 
sulphur dioxide and nitrous gases. If the /ittci|^t^is made to 
prevent this by employing more nitre, too much i'&rk is put 
upon the Gay-Lussac tower and more nitre will be lost than 
in a regular way. 

In the ca.se of insufficient /irauff/it si the end of the system 
there will be too much pressure in the chamber.s, as the hot 
gases continue to come over from the burners; after a short 
time there will be a deficiency of air in these, which is .shown 
by the anal)'sis of the burner-gas and end-gas; the burners 
first become too lujt, as the cooling effect of the air is missing, 
and .scars are formed, whereupon the burners turn cold, the 
ore burns incompletely, and the gas gets [)oor. Generally this 
is accompanied by blowing out of gas from the burners, 
which might, of course, also be caused by any kind of stoppage 
in t(je gas-flue, but cannot be confounded with this contingency, 
as in this case the pre.ssurc in the chambers is not too great, 
but tlje rcver.se. <.\11 this again leads to an excessive con¬ 
sumption of nitre, as the lower oxides of nitrogen do not 
meet with sufficient oxygen, and even NO may go away 
as such. 

Either cause (as a consequence of the above) leads to a bad 
yield of sulphuric acid, large consumption of nitre, escape of 
sulphurous acid into the air. Further proof is not required to 
show the importance of regulating the draught as accurately 
as possible. i • ■ ' 

In the case of poor ores, and those the sulphur of which is 
not readily given off, also in the case of burners admitting too 
much false air, such as the old Belgian' burners, too much air 
gets into the '-'hambers, and the yield is consequently always 
very bad. At Oker, for instance, in 1859, from a 50-per-cent, 
pyritevs only loo instead of 300 per efent. of strong acid was 
obtained, with a consumption of 14-4 pqyts of nitre to 100 
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sulphur (Knockc, i;' JiMiirsl’cr., iSjp, ]>, i.^l; and the 

Belgian Commissimi states, [or the four *’orl<s examined, the 
yield = 242, 237, 259, and 23S parts, instead of 306 as roiiuircd 
by theory. They were able to detect in the escaping gas 
0-38 to 1-26 per cent, of stilphur dioxide, and ^17 to •I7-4 
per cent, of free u.xygen. 

1 he n'gulatiofi of the takes place piincipall)' or 

.sometimes even exclusively at the exit end by means of the 
contrivances ([escribed (pp. 747 ct soq). It is not ])raclicable to 
depend f 9 <J)ns entirelv on the ash-pit holes of the p_\ rites- 
bnrners (p. 433), as these must be regulated to suit each 
individual burner. It is very important nut to overlocjk that 
the gas-pipe between the burners and the (Hover tower and the 
chamber may be partiall)' stopped up with deposit. In this 
cast the draught at the burner will be b.id, but will be little 
improved by opening the exit-damper ever so wide, and closing 
the latter will only draw in air at any chance crevice and injure 
the chamber-process. This c.annot be ((verlooked if the ijrocess 
is properly controlled by regularly testing the burner-gas atid 
exit-gas ; if the latter sho^-s enough or niorc^ than tmough free 
oxygen while the burner-gas is blowing out, there must be 
some intermediate .sto|)page. The lutes or side-plugs, or still 
better pressure-gauges (p. 777) fixed in various parts (jf tluiset 
will easily allow of localising that stop|j.'ige. 

On the contrary, some acid makers prefer*(vurking in such a 
way that there is afways aniflc draught from the burners into 
the first chamber, by employing large and very loosely-packeii 
Glover towers; the burners in this case never blow out, and 
yet the chambers themselves can be worked right to the end 
with even outward pressure in lieu of inward draught. But 
there must then be this drawback that, owing to the loose 
packing, the denitration in the Glover t(jwer will be hardly 
(fcrfect. This can "be obviated by tl»e following* pjan, which 
may be usefully adopted in special cases:—The Glover tower 
is packed as usual, .so as to serve as an efficient denitrator 
and concentrator, h'roih it the gases are still made to ascend 
a sufficient height, say. 6 or*10 ft., in a wide tub(f, which theif 
turns (avoiding any sharp bends) sideways and dipj down into 
the roof of the first chafhber. Thifs aefphon is formed,Mnd 
as the gases in the sfcond* descending limb arc cooler tlran^ 
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in the part» rising upwards from the tower^(in extreme cases 
the air-cooling migtit even be ^ulrplcmerrted in summer by 
water-cooling), this will cause a suction of the gases from the 
tower, and thus increase the draught from the burners, without 
drawing the gas away from the chambers' too quickly at the 
other end. Of course this result is much more easily attained 
by a fan-blast (p. 753). 

Exceptionally, air is admitted behind the burners, usually by 
means of an injector in the first chamber, which i^v.so constructed 
as to introduce some air together with the steam^i)„* r43). This 
must be done where the burner-gases are too rich, and 
es|)ecially where the first sup[)ly of air is purposely kept as low 
as possible, in order to get hotter gas, as, for instance, in 
II. Glover’s brimstone-burner (p. 403), which is intended to 
concentrate the acid by heat of the gases. * 

Some chamber-managers contend that no regulation of the 
draught need take place at the outlet when this has been done 
once for all, as the outside atmospheric conditions never vary 
so much as to interfere with the working of the process. But 
this opimon is tlecidedly wrong. ,ln mo.st parts of Central 
hairope the temperature may vary up to 40' C., or even more, 
between the extreme heat of summer and the extreme cold of 
wiijter. But this means that for every 1000 cub. ft. of air 
required in the coldest season, nearly 1150 cub. ft. must pass 
throi^h the apixiratus in the hottest sea.son, supposing the 
barometric pressures to be equal. But these latter as well may 
v.ary 30 mm., or even more; so that, for instance, 1000 cub. ft. 
at 760 mm. pressure repre.scnt the .same weight of air as 1041 
cub. ft. at 730 mm. Combining both (and very frequently low 
temperatures and high barometric pressure go together, as well 
as high temperatures and a low barometer), 1000 cub. ft. in winter 
may be equal in weight to 1200 cub. ft. in summer. It is quite 
evident that such largo differencoe, and Vven much smaller 
ones, as they may occur from day to day must be compensated 
by regulating the outlet of the.gases accordingly. Nor must it 
be overlooked that the pressure of wifid affects the quantity of 
‘gases passing through a* given •rifice, and this circumstance 
sometimes^during the year has a very serious effect on the- 
draught, evbn when'tlie burner-houSc (as it ought to be) i.s 
^ slieltcred against the direct action bf gusfs on the ash-pits. 
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The great lack ,cf quantitathH’ statements as t<i lUie draught 
necessary in various parts* (if the chamljcr-systein has been 
partially remedied by an investigation by Xorrenberg yChcm. 
Ind., 1899, p. 48 ; cf. also the criticism by Eichhorn, /A/., p, 150, 
and Norrenberg's answer,'p. 237). The required |iressiire 
within the chambers can be attained only by a strong ii|)- 
dranght. To produce this, we should make the difference of 
level between the burners and the Glover tower as great as 
possible. Tha gas,inlet-p’ipc from the burners to the Glover 
tower shoUli^isc straight upwards, and should deliver the gases 
into the tower at the highest practicable temperature. The tem¬ 
perature of the gases leaving the Glover tower should be verj’ 
little above that of the main-chamber, and any g.is to be 
carried downwards should be cooled ;is m\ich as possible. The 
ga.s*!eaving the last chamber may descend jiretty low towards the 
Gay-Lussac, which (of course !) produces all the better ilraught 
the greater its height and the wider the outlet. The loss of up¬ 
draught from the burners should be lessened by giving the 
connecting-pipes and flues a sufficiently large section for pro¬ 
ducing the following velosities (having regard to the greatest 
possible production with normal burner-gases, to the tempera¬ 
ture ordinarily attained at the respcctivar places, and the 
inequalities of work):— 


About 0-5 metre per second in the (ckvin) burner-nues. 

„ Glover iniet-|)ipe. 

„ Glover grate. 

„ (ilover packing. 


I'O „ 

0-8 to I „ „ 

0-25 to 0-5 „ „ 

(if possible rather less) 

I o metrd per second 


, connecting-pipe lead¬ 
ing to the last chamber. 


The velocity ii^thc pipe leading t»the Gay-Lussac and that 
in the outlet-pipe of the latter should be such that, on deducting 
all the !o.sscs of pressure up to the Gay-Lussac outlet from the 
effective up-draught, a* pressure of 2 mm. water exists at the 
Gay-Lussac outlet at ordinary temperatures. This is advisable, 
in order to facilitate the regulation of the final dam(jcr. The 
section of the Gay-LussSc should bt equal to that'of the (jlover 
tower, or a little less. It yiould not be made proportionai to 
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the quantity of gas at the respective tempt/atures, on account 
of the c(jkc-pacl<inj!;. Changes of velocity, curves (especially 
such witlj a small radius), and elbows should be avoided as 
much as possible. Hy rounding off the edges in the chamber- 
exits the lofs of pre.ssure can be pfactically'avoided, 

Hascnclever {Chem. Ind., 1899, p. 27) found in a special ca.se 
that a Glover tower with good draught showed a pressure of 
2 mm. water at bottom and 5 mm. at top; when the pressure 
was 2 mm. at bottom and 2-5 mm. at top, tte tourer, was found 
to be obstructed. Hut he justl)’ points out th,?‘''‘“ilTo definite 
figures for the pressure in the various parts of the chamber- 
apparatus can be stated as a general rule, and that they must 
be fixed by experience for every special case. 

In horizontal ducts the loss of pre.ssure can be deduced from 
the mere observation of the pressure-gauge, but we shall qtiotc 
a very important remark made to Hasenclcver by Dr Dreckcr, 
concerning the complication caused by the difference of level 
through the difference of barometric pressure at different 
heights of the apparatus, neglect of which makes any observa¬ 
tions of pressure by a manometer quite unintelligible. Taking 
the just-(piotcd example of a Glover tower, showing 2 mm. 
water-pressure at bottom and 5 mm. at top, but posse.ssing a 
height of 9-5 m. (about ft-), the difference of atmospheric 
pressure between the bottom and the top of the tower at 15“’ C. 
and 7<50 mm. merturial pressure in the barometer is:— 

‘ 1.204 7S0 

X X p.c;^ II. i; mm, w.atcr. 

^73 

% 

This we must introduce into our formula, and we thus 
obtain; 

. • ,"-5‘ (5--2)-8.? mil' * 

as the real difference of inward pressure in the tower; that is to 
say, the pressure within the tower is = 8 5 mm. water higher at 
the bottom than at the top, and tills difference has on the one 
side to carry the weight of the gaseous column, on the other 
side»to procure the*movement of‘the gases. Taking'the 
fpdcific gravity of the gases = 1-374, and the mean temperature 
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within the tower (3^0 at bottom* 95 at toi))-^222 *C., aiul the 
outward pressure =*75^ mm, mercury, we fiticl: 

i.-iya 7SO 

.-’1^ X 11.5 7.10 mill, water 

r + * x*2 2 2 ^ 

273 

or a pressure of 7-10 kl. per se^irare metre. The difference 
8-5— 7-10= 1-40 indicates the pressure, in terms of millimetres 
of watcr-pi^cssiye, v^hich causes the ascending movement of the 
gases. 

If we call the difference of weight between a gaseous column 
and a column of air of equal height its iipuuird shess or buoyancy, 
in the present case 1 i-G —7-10-4-40, we find the loss oj pressure 
between two points in the system to be equal to the observed 
maitomelric difference of pressure plus the buoyancy; in the 
pre.sent ca.se: observed manometric difference ( - 3) +buoytinc)' 
( + 4-40)= 1-40 loss of pressure in that special (Hover to'.oer, 
caused by frictional resistance between its bottom and top, etc. 
If the tower were obstructed by deposits, this loss o^ pressure 
would become greater, a«d we can by similar calculations 
establish fur any given apparatus and by special observations 
the best conditions to "be aimed at, but we should commit a 
great mistake if we attempted to lay rlown a general rule.for 
all cases from such special observations. 

In this case, as^well as in well-nigh evAry other ca.se in 
chemical manufacturing, it is entirely premature to a|)ply 
apparently exact mathematical formula: as a general guide fof 
actual practice, which Sorel has done by applying to vitriol- 
chambers Clegg’s fonnuhe for the movement of gases in pipes. 
The extraordinary complication of the case, caused by the 
sudden expansion of pipes into the enormously larger section 
of chambers, by the sharp angles through which the ga.ses must 
sometimes be contfheted, by the chaftge.s, of temper,ature, and 
by the chemical reactions which cause alterations in the volume 
of the gases and vapours, etc,, etc., make the application of any 
simple formula quite Illusory. These formuke may overawe 
those who are ignorant of iflathemStics, cspcciallj' when they* 
contain the (for such people) mystic symbols of higher mathe¬ 
matics, but I know absolutely of no case*i‘n the whole range of 
manufacturing cheinisiry wliere the least practical progress has 
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been made' by aijplyin" complicate,'! mathdinatical formula; to 
chemical operation.'?. The time for this may come in the 
(probablyisomevvhat distant) future, when the dements necessary 
for such calculations have been thorouf’hly studied and placed 
on a •sze.ws'ih'.xperimental basis. 

Supply oj .Water {Steam). 

The re^'ulation of the steam or water-spray is one of the most 
important parts of cliamber-manaLjcment, ar.'d .sliauU' always be 
taken in hand by the responsible foreman or superintendent 
himself. One of the first conditioms for enabling him to do so 
[iropcrly is that the tension of the steam should be kept as 
nearly equal as po.ssible; and it is hardly necessary to point out 
how much this task is facilitated by a registering' steam-gauge 
or by automaticallx’ regul.iting steam-valves (pp 713, 7_’5). 'ihc 
round of the chambers should be made two or three times a 
day; at some works it is even made every other hour. It is 
one of the advantages of the water-spray system (pp. 728 ct seq) 
that there are hardly any variations of the quantity of water 
supplied, but other difficulties may ifccur instead (j). 73 0- 

It must be borne in mind that the Glover tower supplies the 
first or “leading” chamber of a set with a good deal of the 
steAm required. Hence steam or water-spray must be supplied 
to this chamber in much smaller (piantity than when working 
withobt a Glover tower, and the position of the jets is also 
influenced b)- this (e/i p. 725). 

.-\ rough indication of the fact, whether too little or too 
much steam is present, is sometimes sought in the appearance 
of the glass jars covering the two lutes of.the chambers (p. 701). 
If these show a white crystalline covering of chamber-crystals, 
which are proved as such by turning green on moistening 
them, there is evidently a deficiency of ^steam. If, on the 
other hand, (he glass* jars are dripping wet, there is too much 
steam in the chamber. This is, of course, only to be taken 
in conjunction with the other observations to be made by the 
attendant. 

The proper indicator for the admission of steam or water is 
the strength if add made /,•/ the ehamjier, both as observed in 
the acid-drips (p. 698) and in the bottom-acid. The.se two are 
‘never identical; the drip-acid is always hiore or less stronger 
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than the bottom-acid In Igntj chambers tliere is a consider¬ 
able diflerciice between the frbnt and tlie Back part, am. sncli 
chambers should be provided with two or even moro»difl'erent 
sets of drips. , 

Considerable difference of opinion exists as to ttie s/iviij;/// 
of acid mo.st conducive to a proper working of the vitriol- 
chambers—that is, to the best yield, the greatest production for 
a given chamber-space, an<l the smallest consumption t>f nitre 
We may s*\' ^neftilly that the chamber-acid is kept much 
stronger in mC majority of Knglish works th.an in the majority 
of Continental works. Whilst the former mostly keep the acid 
in the leading chamber from 120' to 130 and the drips often 
5’ to 10' higher, the usual practice on the Continent is to keep 
it at 106 to 110 , or at most 116 Tuc .At the Rhenania works 
the acid runs away from 106 to at most t lO Tw. In America 
I found from 112 ' to i lO . Only cxce|)tionally higher strengths 
(up to 124 'I’w'.) are met with on the Continent or in America. 

It is unnecessary to say that both Knglish and Continental 
manufacturers firmly believe that they are in the sight, the 
former in making stronger, the latter in making weaker 
chamber-acid, both contend that in their, and only in their 
way, the best results are obtained. It is difficult, if nut 
impossible, to arrive at any certain decision on that (piesllon 
from a comparison of the data supplied by various works as to 
the strength of acid^ the yields, the consumption of nitre, the 
chamber-spaces, and so forth. This difficult)' arises both from_ 
the complication of the various conditions, which interact upon 
one another, and from the very frciiuent inaccuracy and 
incompleteness of the.obtainable ligmes. It is thcrelore with 
all reserve that I proceed to give my own opinion on this 
question (which differs from that given in the first edition of 
this work, vol. i. p. ,^46). ^ 

All theories of the vitriol-chamber procass Seem’ t« point to 
the preference of the weaker rather than of the .stronger acid. 
Hurter, in his dynamical theory (/. Soe. Chan. Ind., i882,p. 10), 
arrives at the result that the chamber-space js inversely^ 
proportional to the quantity* of nitrogen compounds present, 
and to the amount of wa^er present, in the gaseoq.s condition ; 
in other words, that, other conditions bemg equal, the quailtjty 
of acid produced withib a given chamber-space is larger whem 
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weaker acici is made than when strong acid is made. It is true 
that the evidence given for this in the paper just mentioned 
from the jictual re.sults of a number of chambers is very scanty, 
and certainly not sufficiently conclusive in itself; this was 
unavoidable, as only such works were quoted which did not 
possess Gay-Lussac and Glover towers. J 5 ut, at all events, no 
contrary assertion can be bared on that evidence. 

The theory propounded by myself, and the very similar one 
of Sore!, both r>f which will be found at thecloseiof this Chapter, 
also demand that, other conditions being equal,oEfiC sulphuric- 
acid-forming reaction is promoted by a larger amount of water, 
up to the limit where an excess of water would produce other, 
injurious, reactions. 

Another point to be considered is this, that it is practically 
impossible to prevent the loss of .some nitre, dissolved in the 
chamber-acid as nitrosulphiiric acid, but that the tendency of 
the chamber-acid to retain nitre in this form rapidly increases 
with its strength, 'I heory would therefore demand keeping the 
acid weaker in order to lose less nitre. Whether,this is .so or 
not in practice can only be proved by bringing together a great 
many riiiablc data, the dilficulty of doing which has been 
pointed out before. It is a fact that sometimes “pale” 
chambers arc the consequence of giving too little steam (that is, 
keeping the acid too concentrated), and that this evil can be 
remedied by turning on full steam for a short time, which 
causes the chamber to become red again. 

1 he practice of most Continental tactorics, including several 
German and Austrian works, at which all the processes arc 
followed up in the laboratory with the gj-eatest care, and which 
are generally admitted to work with the greatest perfection, is 
in accordance with the just-quoted theories, and comes to this: 
that the acid in the leading chamber, that is at the same time 
that whicli if withdr;V.vn 1 'roni the process for use or sale, should 
not exceed 113 ’, and is best kept at from 106 to 110° Tw. 
In this way the best yield and the smallest consumption of 
nitre are attained. 

The usual and practically the only reasonable motive of 
English manufacturers for,making their chamber-acid so much 
stroiiger is, of course) this, that tjiey save the expense and 
trouble of concentrating the acid for use or sale. But there is 
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Httle or nothing in t 3 «is in the gre:ft majority of case#. For the 
manufacture of sup(frphosphatcs, which rccfiiircs an enoi.nous 
quantity of sulphuric acid, and for whicli manj’ acid-\jorks are 
exclusively employed, the strength of l lO Tw. is (]uile 
suffi.cient. For dec»mposing .salt for sale and fvr niakmg 
.rectified oil of vitriol, a higher strength is certainly re(]nired. 
But at every works provided witlj Glover towers (that is, at 
every properly equipped works, and actually in the great 
majority of exi.'^ingjactories) there is no difficulty whatever in 
bringing alHjjf acid up to 140 Tw. without an)- expense, even 
when starting from chamber-acid at 110 Tw.; and this is done 
even without Glover towers (for further concentration in 
platinum .stills) at many works by means of the waste heat of 
the pyrites-kilns. 

^me years ago, F. W. Hofmann {Her., iii. p. 5), starting 
from the (erroneous) assumption that sulphurous acid in 
contact with nitric ;icid and sulphuric acid of, sa)-, uxt 1 w., 
produces much nitrous oxide, X.jO, proposed to <liinini.sh the 
steam in the first chamber (which in his case was onl)- a 
“tambour” of 3500 cub. ft, capacity) to such an extent that 
acid of 140 Tw. should be formed; in this way the acid 
dissolves much nitre, and is run into the following large 
chamber, where it gets diluted and gives up the nitre, ile 
asserted that he had thus effected a saving of i lb. nitre on 100 
lb. of sulphur; but as his original consumption* of nitre anJ the 
yield are not stated, and as, moreover, his chambers had no 
Gay-Lussac and Glover towers, that alleged saving cannot 
convey any [)roof of the utility of his proposal, upon which a 
vigorous controversy was carried on in the 21st volume of the 

Chem. News (pp. 132, *64, i8y, 200, 224). It was then mostly 
overlooked that Mofmann’s small “tambour of 35^^ cub. It. 
capacity had very little in common with an ordinary Kngli.sh 
leading chamber of ftiore tlwn ten time*; that capa»il)(. Apart 
from all other reasons, the undoubtedly much greater wear and 
tear of the chamber, when worked in the de.scribed way, would 
tell much less with a small “ tambour ” than with a large 
chamber. But, for the ret/sons above stated, 'Hofmann’s 
process seems wrong in principle, and has not met with any 
success whatever on the Continent, wficreif was first tried. * 

In England later sn (since 1889), probably without aify 
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reference ’to Hofmann’s proposal of i8(T/, several works in 
Lancashire began to employ mtich stronger acid in the leading 
chamber, up to 140'' Tw. It is, of course, out of the question 
to lose the nitre dissolved in such strong acid; none of it must 
be used without first passing through the Glover tower, and as 
it would become too strong therein, and would be incompletely 
denitrated, a little water is run through the tower at the same 
time. At one of the works visited by me it was stated that, 
with the very low chamber-space of 17 r cub) ft, per lb. of 
sulphur, the excellent yield of 411 cwt. of 96 pcrc.'A,iit .salt-cake 
was obtained per ton of pyrites, with the very small consump¬ 
tion of 15 lb. nitre per ton of pyrites ( = o-G7 per cent.). These 
good results were a.scribed, firstly, to an extraordinarily large 
Gay-Lussac space; secondly, to the above-mentioned procedure, 
by which an unusually large {]uantit)’ of nitre was supposed to 
be kept circulating in the vitriol-chamber. It was not denied 
that there was more wear and tear of the chambers ; but it was 
believed that this was no mure than would be comiiensatcd by 
the saving in the proces.s. 

At the lime of my visit to the above and a few other works, 
where tlic same method was followed, the procc.ss had not been 
sufficiently long in u.se to enable a correct judgment to be 
fojmed as to the yield and the consumption of nitre. Every¬ 
body knows that it requires many months to make sure of this, 
and "to avoid bting deceived by accidental gains and lo.sses. 
Hut even taking it for grantetl that the above-quoted excellent 
results were really confirmed in tlie lung run, I am very strongly 
disposed to place these results rather to the credit of the 
colossal Gay-Lussac lowers existing at that factory, of a width 
of 14 ft. and a height of 60 ft., than to that of keeping the 
ehamber-acid at the dangerous strength of 140" Tw. It is 
clear that the large quantity of nitre kept in solution in the 
strong acieVof the leading chamber can contribute but very 
little to the work of oxidising sulphurous into sulphuric acid; 
its work can be done only whilst running down the Glover 
tower. But then the same object can be attained quite as well, 
while kcejring the chSmber-aLid at a lower strength, by 
supplying, the Glover tower with more nitre, cither (once for 
.all^ in the shape of nitric acid, or (continuously afterwards) in 
that of nitrous vitriol from the Gay-Lussac tower; the inert 
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stock of nitre at tl\c**bottoin yf the’leadiii'; clKuiiber iS tluus very 
largely reduced, anti the confcs.sedl)' muclf greater wear and 
tear of this chamber and of the Glover tower is thu!» avoided. 
From all indications it is also likely that less chandier-space 
will be required in tlTis than in the former case. • 

It is difficult to say an\ thing general as to the strength at 
which the (//v/v ly/uw/'c/vought to be kept. At one 

works we find the drip-acid,only 2 or 3 , at others 15 or more 
above the licittun-atid ; at others it is always weaker than the 
bottom-aci( 1 .*'**F,verything depend.s on the position of the drips; 
but so much is certain, that in the same |)lant the difference 
between the strength of the drip-acid and that of the bottom- 
acid is nearly constant, and that the attemlant must manage 
his chambers accordingl)-. On the average, the drips, where 
they are taken from the inside, clear of the chamber-sides, 
show about to Tw. more than the bottom.acid ; out this holds 
good only for the ordinary style of working, not for that 
described above, where the bottom-acid is kept at 140 'fw,; in 
this case the drips are not very much or not at all itronger; 
and where the drips are colhicted at the chamber-siiles they arc 
generally somewhat weaker than the bottom-acid. 

We have seen above ([). 311) that the tension of aipieous 
vapour varies both with the tem|)crature and with the strength 
of the acid; for instance, at 80 (near the chamber-side), acid 
of 114' Tw'. has exactly the same vapour-tension as, al* 95 
(only 2I in, within), acid of 128) Tw. Sorel observed that the 
acids collected at various points of the same transverse section 
of the chamber really showed such differences of strength, and 
that, therefore, it maj’ be sai<l that they are all at ;in 
equilibrium of aqueous-vapour tension. This shows how 
useless it is to compare the drips of different sets of chambers, 
unless they arc fixed in a precisely similar position to one 
another. 

7 '/u’ strength of acid in the interniediate chambers, between the 
first and the back chamjjcr, is always below that of the first 
chamber. The second chamber, in a .set of three, has generally 
about 10" Tw, less than the first; but with acid of 140 Tw. in 
the first chamber the difference between ^his and ^le second 
may amount to twice as n;uch. In a set of four or more 
chambers the strengths Vill naturally dimini.sh more gradually. 
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The lu^t or" back ’’ chamber is kept at vei^' different strengths, 
according to whether there is a Gay-Lussac tower connected 
with it or,,nut. In the latter ca.se the acid is never kept above 
75and .sometimes as low as 50' Tw., or even less than that. 
It is, in fact, difficult to keep the strength higher, as there is 
so little sulphur dioxide present in this case, and as there must 
not in the chamber be a Urge cjuantity of nitre, in order to 
avoid losing an enormous proportion of it. Thus there is but 
little acid made here, and it is correspondin.gly yeal^ But such 
weak acid, even at 75 ', causes the formation inucli nitric 
acid, which must act on the chamber-lead and is otherwise in- 
juriou.s. Hence with the old style of working without nitre- 
recovery apparatus, the last chamber was always a very weak 
link of the set. 

In the [iresence of a Gay-I.us.sac tower there is no reason 
whatever for keeping the last chamber below 90 ' Tw., or even a 
few degrees above this, There is no formation of nitric acid 
to be apprehended in this case, and the ga.ses w'ill be better 
dried in preparation for the Gay-Lussac tower. The practice 
of some works to go dow'ii as low ai 75' or 80 Tw. in the back 
chamber cannot be at all recommended. 

Grow'der (/, Soc. Chem. hid., 1891, p. 301) jjrefers placing the 
“ drips ” in the connecting-pipes between the chambers, and 
keeps them as nearly as possible at the following strengths:— 
drip'from Glovet tower to ist chambcr = 95 to 105'; from ist 
to 2nd chamber= 130 ; from 2nd to 3rd chamber= 122"; from 
3rd to 4th chamber = 105“; from 4th to Gay-Lussac = 85”. If 
the drip from No. 1 to No, 2 chamber stands lower than 130", 
the consumption of nitre is increased. [The drips in the 
connecting-pipes do not correctly indicate the work done in the 
chamber, as in consequence of the far greater cooling-action the 
formation of acid in these places must be abnormally large.] 

Sorel.giVes the fpllowing directfons for' the strength of acid 
to be observed in a set of three chambers (degrees Baume):— 


liisiili.' <lri|M. 

. [57-55 Re- up to 

1st chamber ! the middled 
(56 second half. 

*» I 

2nd chamber 52-5^. 

3rd chamber 52-53". 


Si(!o dri{ig. 


51-54 


142-53 first half.1 
[45-47“ and „ / 

45-50 - -■■■ 


Acid in chainlxir* 
bottom. 

54-S-55° 


48 - 48”-5 

48-0-44*.i 
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Wc shall now clAcribc the uijurtous resuitsoj <i '•uj'I'ly 

of water (as steam or spray) to* the chambers. 

The first and most obvious result of yivinp' too n/yeh steam 
is this, that the acid gets too weak. Ihit this is of less im¬ 
portance than anothfr drawback immedi.atel)’ following. If the 
lower oxides of nitrogen meet with an CNxe.ss of oxygen (which 
is always present in the chamber.s) and at the same time with 
an cxeess of -water, the following reactions take place : 

?N0 4;>0 f n.O-.’NOJI ; 

N„<),, + 20 + =2N().,H. 

That is to say, they arc convcrteil into nitric acid, which, in the 
first instance, is a much less efficient carrier of oxygen than 
nitrous acid, and, secondl)', is to a great extent dissolved in the 
bottfcm-acid ; here it assists the acid-forming process ver)' little, 
and, moreover, acts upon the lead. So long as tl.c bottom-acid 
is pretty strong (say, u|j lo 90 ), it will not retain the nitric acid 
for a long time, but .again gives it off as lower nitrogen oxides 
by the action of sulphur dioxide ; but if the exci’ssiye supply 
of steam continues, it will s*'on keep the nitric acid back ; and 
as the process is thereby disturbed, even the steam ' which 
should have been used up in the formation of siiliihuric acid 
is conden.sed to water, and the dilution of the bottom-acid is 
thus .again increased. If this state (jf matters has (jiice set in, 
it is not alw.ays easily, remedied. Cutting oflHhe ste.am is not 
sufficient; much more nitre must be put in as well; and )'et 
the bottom-acid only graduall)' gets up to its normal strength 
In the meantime the yield falls off, the consumption of nitia 
increases very much, and the action of the nitric acid on tin 
chamber-lead docs permanent damage. T hus it is appnren 
that an excess of steam doc.s very much harm ; and great car< 
must be taken lest the strength of the acid should go dowi 
below the proper aiirount. •The chamlKrs soon shcnv when the) 
have too much steam by becoming pale. A pale chamber oftei 
gets red again in an hour after the supply of steam has bcci 
partially cut off 

An excess of steam has aflother injurious effect, which cat 

' Whenever here, .and in ot|ier places, w« speak of “stea^fl” in conjicc 
tion with the supply of chambers,yvater in the shSia; of spray .>r mist is'ajs. 
meant; it would be tedious to mention this in every instar'" 
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only be c:A)lainc(l in detail when treating a!' the theory of the 
chamber-process, VM,,the fi )nnaticn of nitrogen protoxide, or even 
of elementary nitrogen, whilst the reduction of the nitrogen-acids 
ought not to go beyond nitric oxide. Neither nitrogen protoxide 
nor nitrogan can be rcoxidised td nitrogeti-acids; they escape 
with the other gase.s, and thus cause a lo.ss of nitre. 

We will now consider the/ipposite case, viz., that ///e chambers 
receive too liltle steam. .According to the theory of the vitriol- 
chamber process, to be developed later on, Uiis yaust, deteriorate 
the conditions for the formation of sulphuric aewt, since the 
substance formed in an inti'rmediate state, viz. nitrososulphuric 
acid, cannot then be entirely decomi)osed into sulphuric acid 
and nitrous acid. It will in this case be either separated in the 
.solid slate, as “ ch.'imber-cryst.ils," or else it will dis.solvc in the 
bottom-acid. In actual practice it rarely happens thaf the 
dcncienc)' of water is st) great as to lead to the formation of 
solid chamber-crystals within the chambers; more frequently 
this happens in the connecting-pipes, liut it is all the more 
general, qay, unavoidable, that some chamber-crystals fcommonly 
called " nitre ” in this case) dissolve in the bottom-acid. We 
shall sec later on that a certain quantit)' of “ nitre " must be 
present in properly working chambers ; but if there is too little 
stoam, this ([uantity will be largely increased, both by a 
deficiency of water in the .acid mist floating about, which 
leaves a large qu'antity of nitrososulphuric .acid undecomposed, 
and b\’ the excessive concentration of the bottom-acid, which 
cn.ablcs it to hold more “nitre” in solution. Thus the nitre 
will be removed from its proper sphere of .action, viz., the atmo¬ 
sphere of the chamber, and SO^ will escape oxidation. Where 
. the chamber-acid is directly u.sed, without first passing it 
through the Glover tower, this nitre will be finally lost. All 
this, of course, happens less easily where the bottom-acid is 
kept at ailotver strength', as is usual on the Continent; there is 
in this case more time for repairing a temporary deficiency 
of steam, as indicated by testing the drips and bottom-acids 
for strength and nitre. 

A deficiency of steam'also acAs in this way, that the acid by 
becoming too concentrate(l m.ay to some extent act upon the 
lead. So long as tfifi strength of tfre chamber-acid does not 
, exceed 144’ Tw. (and this will very rarely happen, even with 
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faulty management^, there is not«much harm rlonc,^ l*ui» very 
good reasons, the last chamb’ci; if a (ia_\--Lu;isac tower is p, esent, 
receives ver)’ little steam ; in the case of smaller chambers 
(tambours) none at all. But this may be carried to(? fir; and 
then, in spite of the dark-njd appearance of the^ chambers, 
there is a bad yield of acid, becau.se tlic water necessary 
for its formation is missing, ancl^ SO., and () go aw:)y' un¬ 
combined. This occurs espcciall)- whim the chamlrer shows a 
very clear, Uan^pai^.-nt red," instead of being somewhat dim and 
misty. ♦ 

On the whole, it is evirlent that the risks run by a deficiency 
of steam are nothing like so serious as those arising from an 
excess of steam. 

llurter (Thf Ma)tufiU liii-c of Sulpliuyic . loiJ, I,ivcr[)Ool, 18 S 3 , 
p. l 9 ) gives the following rules for utilising the indication of the 
chamber-drips 

1st. If the strength of the acid in the drips is corrcii but 
deficient in quantity, the chamber is short of nitre. 

2nd. If the strength is /;/>// ami the (piantity' not far short, 
the chamber is very rich ii'^ nitre ; but if tile (|uanti^’ is short, 
it has too little steam. 

3rd. if the strength is /ore, but the (piantity full up, the 
chamber has too much steam. If, on the other hand,^the 
strength is low and the (piantity .short, tlie chamber is very 
poor in nitre. _ • . 

It is needless to say that the indications afforded by the.se 
rules would be .sometimes very misieading, the conditiom* 
being too complicated, if the)- were not supplemented by 
direct observations of the amount of “ nitre," the temperature, 
and the composition of the inlet- and outlet-gases, as sluswii 
below. 

Stinville (Ger. 1 ’. 144084) produces in the lead-chambers 
a circulation of coofcd aci(^, diluted t(* such an extent that its 
steam tension is sufiTicient to furnish \he aqueous vapour 
required for the process. There are three chambers, n, b, c; 
the gases pass from the'Glover tower into a, and leave c for the 
Gay-Lussac tower. The bottem-acid flows from to h, from. 
b to a, and from a into a cooler, where it is cooled down by 
means of a water-coil and also dilufed hy fresh wditer; in,this 
state it is pumped.back again into the chamber c. 
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Supply of Nitre. .' 

It is ^([uite eviJent that those ingredients from which 
sulphuric acid is ultimately formed, viz., .sulphur dioxide, 
atifiospherif oxygen, and water,' must be supplied to the 
chambers in proportions varying within very narrow limits only, 
as any undue excess or deficiency of one of these will cause a 
corresponding waste. Sulphur dioxide being taken as the 
given quantity, the proportion of water supplier), is Vept so that 
a very nearly constant concentration of the cham'ocr-acid is 
obtained ; and in like manner the supply of air is regulated by 
the draught in such a wa)' that a certain neces.sary excess of 
oxygen, but no more than this, is found in the exit-gas. But 
the matter is different with that reagent which does not enter 
into the composition of the ultimate product, and only serves 
as an intermediary agent for combining SO.,, O, and MjO, 
without (in theory) suffering any real change or loss at the end 
of the process. We now call such an agent a catalyscr (see 
later on); this is, of course, the “ nitre,’’ by which expression we 
uiKlerstaud all the compounds of iiyrogen which arc concerned 
in the manufacture of sulphuric acid, at whatever stage of 
oxidation or combination they may exist at a certain moment. 

,U is almost .self-evident that the acid-making proce.ss can be 
made more or less ra()id by supplying more or less nitre, and 
that tliis finds expression in the greater or .smaller space which 
the process requires. In fact, considerable variations may be 
made in the supply of nitre, according to whether the chamber- 
space is to be utilised as fully as possible or not; and up to a 
certain extent it may be said that the supply of nitre must 
ch.-inge in an inverse proportion to the chamber-space present. 
But certain limits do exist here as well, both in an upper and 
in a lower direction. If there is too small a supply of nitre, 
the reactipnc become too sluggish and Very disastrous con¬ 
sequences follow, which cannot be avoided by any amount of 
chamber-space; and if too much nitre is supplied, the tempera¬ 
ture rises too much, the chamber-lead is acted upon, and part 
•of the nitre escapes the process of recovery. We shall refer to 
this subject^in detail later on. 

The supply of nifrt must be regulated on entirely different 
principles, according to whether there is, an apparatus for the 
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recovery of nitre o?not. In the Matter case care in^st bo^alrcn 
not to have too inui?h nitre-f;a<i in the last chamber ; for every¬ 
thing issuing from it is a total loss, Thc’refore tlie last chamber 
but one is kept strongly yellow or red, in order to promote the 
acid-forming process, but the* last chamber onl)' faii^ly velloV. 

The bottom-acid in that chamber, which is usualh' kept at 
50' Tw., or even below, will partly, absorb the nitre-gas iis nitric 
acid, and there will not be so much of it lost. This state of the 
last chamber i^s aVained by giving it much steam ; but it will 
be seen at once that in this chamber very little work can bo 
done unless a very great loss of nitre is suffered ; for only if 
the latter be present in large qnantit)-, the oxddation of 
sulphurous acid goes on all through the chamber. Therefore 
one of these two things must be done : either a large (piantit)’ 
of (litre must be sacrificed in order to utilise the last chamber, 
or the last chamber is practicallv used oulv for recovering part 
of the nitre ; thus actually a third or a fourth of the chamber- 
space is sacrificed, and so much less sulphur can be burnt in 
that set. For all that, the last chamber is not merely a costly, 
but akso a very inefficient apparatus for recovering the nitre ; 
even if used as such, very little below 10 per cent., mustl)' 
above 10 per cent., of nitre in proportion to the sulphur must 
be employed in order to get a good yield. With poor, bitdly 
burning ores, of course, even more nitre is consumed, corre¬ 
sponding to the excc^is of air. • . 

These considerations will make it evident how much more 
rational it is to recover Ihc nitre by a proper apparatus. We 
thus effect a saving of a fourth, up to a third, in chamber-space, 
at least one of two-thirds in nitre, and mostly also better yield, 
because up to the last’an excess of nitrous gas is present,lind 
no sulphurous acid can escape oxidation by it. In this way 
the escape of noxious vapours is also much more completely 
prevented. The c(>nstruct*on of the «itre-recovo<y^apparatus, 
and everything pertaining thereto, has been described in 
the 6th Chapter. Here we shidl only describe the way of 
managing the chambers themselves in this case. .Supposing 
the set to consist of three «hambors (the readev will easiljf 
reduce this to any other proportion by analogy), the first 
chamber into which, in afty ca.se, botli tt*? gas froifi fresh rwtric 
acid and that from thp nitfous vitriol arc introduced, whether 
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it bc''by iijtrc-ovens, or cascades, or Glover towers, or steam- 
columns, will alwayf have an excess of nitre-gas. In spite of 
this the characteristic colour of nitrogen peroxide will not be 
perceived in the first chamber, both because the sulphur dioxide, 
likewise pre^sent in excess, constantly reduces most of the NO., 
to colourle.ss nitric oxide, and because the formation of 
sulphuric acid, principally going on in this chamber, generates 
in large quantities the well-known heavy white clouds. The 
whole atmosphere of the chamber is filled with these, and, 
owing to its opacity, its colour cannot be clearly lecognised. 
In the second chamber the atmosphere is already much clearer ; 
and as also there is very much less sulphur dioxide present, a 
portion of the higher nitrogen oxides will be perceived by their 
peculiar colour. There is, however, still so much sulphur 
dioxide present, that the mixture of gases in the second 
chamber will only show a more or less reddish-yellow. 

In the third chamber, however (in a set of more chambers, 
in the last—in a single chamber, in its last portion), the nitre- 
gas should largel)- predominate. There should be very little 
sulphur (fioxide remaining here; jind before the gas issues 
out of the chamber into the Gay-Lussac tower the sulphur 
dioxide ought to be entirely removed from it. This is only 
possible by a large excess of nitrogen acids; and as, according 
to previous explanations, there is also oxygen present (5 to 6 
per cunt, by volume), that excess will consist not only of colour¬ 
less nitric oxide, but also of red nitrogen peroxide. This is 
proved by the last chamber showing a dark red colour, some¬ 
times so deep as to be opaque. Even in the much shallower 
layer of gas ob.scrved in the “sight” of the pipe leading to the 
absbrbing-tower the red or orange colour ought to be quite 
decided. Within the chamber the red ought to be not quite 
transparent, but dimmed by a mist of water. 

The coloif of a chimber can ba obserted by opening the 
manlids on the top or the clay plugs in its side, but in a much 
more convenient and accurate way by glass windows put in the 
sides of the chamber itself (as de.scribcd, p. 701). As soon as 
xhe last chamber turns paler, the cause of this must be sought 
for. It may be that it has got too much or too little steam or 
too «!ittle nitre; but' "it is always a* sign that something is 
wrung; and by comparing the othfcr symptom.s, especially the 
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strength and tlic jiitrosity of tl»e drips and boltMii-acj^s, tlic 
special cause of the fault* uiust be got, at. W’ncn tnc last 
chamber becomes quite pale, it is certain that a great lo.ss is 
suffered by sulphur dioxide escaping from it; and tl*o latter, on 
its way through thu Gay-Liwsac tower, will even ejenitrate the 
nitrous vitriol contained therein, and cause a lo.ss of nitre in' 
the shape of nitric oxide cscapigg into the outer .air. I'ivery- 
thing mu.st therefore be done to avert the turning pale of the 
last chamber. ^ ' 

Apart* from the colour, the gradual diminution of suliihur 
dioxide and the increase of nitrogen acids in the chamber-gas 
as it proceeds on its way can be perceived from other signs, such 
as the suh'll and the chciniiiil iiiialyiis of the gas. The judgment 
by smell is so much more uncertain and inexact than that !.)■ 
coltnir that it is not worth while to enter upon it in detail. 
chemical analysis of the gas would certainly permit the reaction 
in the individu.il clrambers to be traced with ease and safeti'; 
but this plan is not usual, and even the best Continental works 
regularly make only two gas-analyse.s—that of the burner-gas 
before entering the chaml^ws, and that of the gas linhlly leaving 
the apparatus as it issues from the (lay-Lussac tower. It 
would give .some little trouble to analisc the chamber-gas 
between as well; nor is this necessar)', since its colour gives a 
sufficient indication for the pur|)0.se in ciuestion. 

As well as testing the duvnber-tu id for its strength, jt is of 
great importance to test it also for its //i/ivov/j'(percentage of 
nitrogen acids); and this forms a necessai)' complement to the 
ob.servation of the colour of the chambers. Lnder normal 
circumstances the percentages of nitrous acid (or rather of 
nitrososulphuric acic^ and of nitric acid in the chambcrtacid 
are so small that its quantitative estimation b)' the usual 
method is very inaccurate, especially because a number of 
impurities interfefe witl> the accu»acy of thi^ proce.ss. In 
practice, however,a simple and momentafily made colonvutnoil 
test with ferrous sulphate is sufficient for the object in question, 
and we shall now descr'be this. 

When a solution of fertwus sulphate is poured upon the 
drip- or chamber-acid contained in a test-tube^so that the 
liquids are not mixed, a*yellow ring is •formed af the pojnt of 
contact, if traces of the higlier nitrogen arc present. VVith more 
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nitrogtn oj^'cles the ring beccmes darker; \.'ith still more the 
whole ferrous siilphoi^e solution assumes a deep brown or black 
colour. In this case effcrve.sccnce readily sets in, the liquid 
getting hot, and the dissolved nitric oxide, with the black 
colour, being- driven off by the heat VVith.-somc practice, and 
' always working exactly in the same way, it is quite possible to 
get a good idea of the percentage of nitre in the chamber-acid 
by its ap[)earance under the above conditions. The testing for 
. a set of four chambers can be carried but in t,his way :—A stand 
containing eight ordinary test-tubes of 5 in. height is once or, 
preferably, twice a day taken to the chambers, and the tubes 
filled up to about 4 in. with samples of the drip- and bottom- 
acids of each chamber; at the same time the strength of each 
sample is taken by the hydrometer, and written on the stand at 
the bottom of each tube. The acid-samples arc then te.sted; at 
any convenient place, by carefully pouring on to each about 
half an inch of a concentrated solution of ferrous sulphate, 
which need not necessarily be free from ferric sulphate. By 
looking at the colours produced thereby, in their succession 
from chamber to chamber, by compafing the drips and bottom- 
acids, looking at the strengths marked below, and taking into 
account the colour of the chamber-gas observed through the 
winctows, a tolerably good idea of the process going on in the 
chambers is obtained. This certainly should be completed by 
an estimation of the sulphur dioxide in the burner-gas and of 
oxygen in the escape-gas, and also by tc.sting the nitrous vitriol, 
etc, as we shall see in the next (ihaptcr. 

Kolb {Hull. Soc. Ind. Ulullwuse, 1872, p. 309) gives a few 
analyses of chamber-acids, confirming what has just been said. 
They refer to an old-fa.shioned set without Glover tower and 
with nitric-acid ca.scades. 
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(I, acid from tMb first or dcMtratin^^ tambciiir| wiicrc the 
sulphur dioxide of* the burn«r-gas meets <lic acirt of the last 
chamber and the Gay-Lussac tower; b, the same^when the 
chambers were short of nitre; r, acid from the tambour where 
the fresh nitric acid ran ovef the “cascade” (excels of nifre); 
d, the same, short of nitre; c, acid of the “large chamber”; 
/, acid of the last chamber, nornud process; the same, large 
excess of nitric acid—li(iuid green and nitrous; //, the same, 
normal prjees^ • 

The fallowing rules may be laid down for the icadions 
on nitre whieh the various samf'ies oj aeid front the ehantbers and 
drips ought to show, (ienerally speaking, all drips ought to 
show more nitre than the corresponding chamber-acids. The 
former represent the process going on in the atmosphere of the 
clufmber, whilst the latter shouki act upon the nitre by their 
greater dilution, and actually do so. 'I'he bottonioieid\A the first 
or leading-chamber not to show any nitre whatever; if it 

does so, it is a strong indiiation that the supply may be 
shortened. (It must be borne in mind that a slight ^piantit)' of 
nitre, which can be discovered by finer tests, is nearly .dways 
present even in the first-chamber acid, but the above-described 
rough test ought to show- none at all or very little.) But first 
it must be ascertained if, on the other hand, the dtif otthis 
chamber does not show any nitre; for in this case we must 
infer that there is too little, steam in the ciiamber, and that 
consequently the nitrous acid h.is been absorbed by the 
chamber-acid. Mostly this will be confirmed by both drip- anti 
bottom-acid being too strong; and then more steam must be 
given. 1 f, however, ^e/// samples from the first chamber show 
nitre, some of the latter must be cut off, uidess the supply has 
just been increased because the last chandrers did not show 
enough; in this ca.se the suppl)' of nitre cannot be tut down till 
the last chambers Save qutte recovered. ^ 

Sometimes the acid of the first chamber smells, on the 
contrary, of sulphur dioxide; if this is the case to any 
appreciable extent, there is a deficiency of nitre in that 
chamber. 

The middle chambers ought to sjjiow already attaint reaction 
of nitre in the bottom-ac*d and a .stronger one in the drips', the 
last chamber, in any case, a moderately strong reaction in tl^p 
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botloiVv-acicf and a very strong'one in the drips. In this case as 
well a deviation froifl tlie rule may proceed from various causes. 
For instaiice, the last chamber may be pale, and yet its bottom- 
acid may give a strong nitre-reaction. This may happen both 
if there is ‘oo much and if there is too little steam in this 
chamber; if the bottom-acid is too strong owing to the want of 
steam, it will dissolve too much nitre; if, however, there is too 
much steam present, that phenomenon will take place which, in 
'chambers working without an absorbing-lOwe,-, is, purposely 
caused: nitric acid will be formed and will dis.solk’e in the 
bottom-acid. Both faults are easily avoided if the last chamber 
is not kept weaker than 90 nor stronger than 110 Tw.; but 
sometimes insufllcicnt draught may cause these faults as well. 
If, on the contrary, the last chamber still appears red, and even 
the drips still .show nitre, but the bottom-acid none, this is an 
indication which must be instantly met by increasing the supply 
of nitre ; otherwise the chamber itself will soon become pale. If 
both indications coincide, viz., a pale chamber and a ceasing or 
weakening of the nitre in the drip, this might still be due to an 
excess of steam; but rarely will It be so, as anyhow that 
chamber docs not get much steam. Three other explanations 
offer themselves—too little draught, too much draught, or too 
littlo-nitre. Whether the draught is insufficient is most easily 
tested by estimating the oxygen in the escape-gas; whether it is 
too large, by cstinlating the sulphur dioxide in the burner-gas; 
but in the ca.se of very leaky chambers, which properly ought 
to have been stopped already, air enters directly into them, as 
is proved by the ox)'gcn coming out too high in the escape-gas. 
Where no gas-analyses are made, the, formerly mentioned 
, external indications for judging of the draught are taken into 
account; but these are far more deceptive than gas-analyses. 
When the draught is not large enough, the nitric oxide docs not 
meet enough bxygen fo bb oxidised it is colourless, and, owing 
to its insolubility in strong vitriol, is altogether lost. This will 
be recognised by the appearance of red v^pours on the gas issuing 
out of the chimney, where the nitric oxide is oxidised by the 
atmospheric oxygen, whilst the ‘chambers themselves, where 
oxygen is m(,ssing, become pale. When there is too much air 
presdnt, the nitrogen 'acids arc carried away mechanically, 
and the chambers equally lose their coloilr; at the same 
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time siilpluir (lio.'yiilc s^ocs awaV, as it has not ^ime-Ao be 
oxidised. • • 

Instijficii-nl foriiutlion of sulphuvio aoit! in tiio oliai^bors, iVom 
Other causes, such as want of nitre or enterini; of air tliroui;h 
chinks in the chaniljcr.s and* mechanical carrx iiie »way of'^as, 
will frcqucntl)’ nai l iipmi tho bm ui is, since liy the insufficient 
condensation of t^as the draught <'rom tlie burners towards the 
chambers is diminished. _ Then all the a|i|)earaiices will take 
place whijh a|;e ciiu.sed by ver_\- bad draueht in the burners,*, 
especially* incomplete burninp^ and formation of scars, which, 
again, weakens the draught. In this case as much nitre ;is 
possible must be given, in order to forci- ;i better formation ol 
sulphuric acid ; and, if neccssar)-, even the burner-charges must 
be diminished. 

*I?ut if the l.ist chamber becomes pale, the dr lught being in 
order, :ind if its ticid shows little nitre, it is due to want of the 
hitter, an;l more of it must be introduced till the normal state 
has been restored. This will be confirmeil by loslinp tin nitrous 
'oilriol, which will no doubt show a diminution of its nitre. 
Undoubtedly several circumstances often act at the same time, 
and make the process a complicated one. If, for instance, there 
is too little draught, .so that, instead of N,.().,, only NO or even 
SO.j get into the absorbing-tower, not only will the dra*ight 
have to be increased, but more nitre will have to be given as 
well, in order to make u|) for the lo.ss. Just'in the sarnf way, 
when the nitre-gas luis been mechanically carried away by an 
excess of draught (in which ca.se, owing to its dilution, the (lay- 
Lussac tower cannot entirel)’ retain it), not only will the 
draught have to be ijpodcratcd, but more nitre will have to be 
introduced till everything is in order again. , 

An excess of nitre is detected by the colour of the chambers 
being too dark, by the strong nitrosity of the acids, and by the 
fact of the Gay-Lus*sac acid showing tfie |^re.sence%f,nitric acid, 
consequent upon an excess of N,/i), in thela.«t chamber. 

VVe thus see that, ii\ nearly every ca.se, when anything goes 
wrong in the acid-chambers, an increased supply of nitre is at 
least temporarily nece.ssary in*order'to restore the equilibrium^ 
although the other two regulators, steam and d|«ught, must 
always be taken into account at the same time ; it is.thcrfifore 
very important tlfat rtie possibility be afforded of temporariljj 
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introc^cinamuch more nitre <nto the chamjjcrs than is neces¬ 
sary in oruinary wwrk; and every factory ought to possess 
facilities for it. If this should not be the case to a sufficient 

r 

extent, and if without danger to the chambers it is not possible 
to ihtroduc<4 as much nitre as the'case calls for, then nothing 
remains but to diminish the burning of brimstone or pyrites for 
a time, and to allow the chanjrers to recover their normal state 
by easing them in this way. 

At some of the best-conducted works it is nqt thought 
sufficient to judge of the supply of nitre by the colour of the 
chambers, the testing of the drips, and so forth, but a system is 
introduced of constantly checking the amount of nitrous vitriol 
supplied to the Glover towers, its strength, and the amount of 
fresh nitre or nitric acid introduced in comparison with the 
amount of sulphur burnt, in order to keep the quantity of nitre 
present in the chambers at as constant a figure as possible. As 
an example of the way in which this account can be kept, I give 
the following figures, taken from an actual day’s work in a well- 
conducted Continental factory :— 


J’yritcs chiirgcd, kl. 

Skt No. 1 

J0812 

1. S«tNu. 11, 

loooo 

Containing sulphur, less quantity left in 
cinders • . . . . 

4993 

4735 

^ilrous vitriol used, kl. . 

10138 

10268 

Average strength, expressed in nitric ;icid 

. liC 

4*86 

4'37 

Kquivalcnt to acid of 36'' Ik\, kl. 

493 

449 

f resh nitric acid supplied, kl. . 

200 

186 

Total as nitric acid 36” Ik., kl. . 

693 

635 

Equivalent to (/> per cent, nitrate of soda, kl. 

520 

476 

96 per cent, nitrate introduced for each too 
parts of sulphur burnt 

10*4 

10*1 

This quantity, that is, about lO parts of 96 per 

cent, nitrate 


to 100 of sulphur, may be considered a minimum, and only 
admissible where the cha-mber-space is very ample—say, about 
24 cub. ft. per lb. of sulphur. With less chamber-space, much 
more nitre, equivalent to 15 or even 20 parts of 96 per cent, 
nitrate of soda to too sulphur burnt per diem, is put through 
the system. ' P'or the “ high-pressVire style ” (v. p. 639, etc., etc.) 
up to 25 parts of nitre used; but this involves a corre- 
spoitdin^y targe nitf6-recovcry apparatus, without which the 
jvaste of nitre would be very serious. < 
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I’cmbcrtoii (/. Soc. Chon. Ind., 1883, p. 414) ((iKjtcs tolal 
supply of 15-6 parts of nitre passing througti the ciianibers for 
every icx3 parts of sulphur burnt in the shape of brimstone, with 
19-2 cub. ft. per lb. of sulphur. In this case a (iaj-Lussac 
tower was used ; whilst in three other cast's, where* there was 
no (iay-l^us.sac, from 8 to to parts of nitre were consumed, but 
with 26-8 to 35 / cub. ft. of chamber-space. .-Xs he gives no 
details as to yields, his figures possess very little value. 

Henker»{cor«miln., 1902) emplo)s as a rule 13 parts total 
NaXO,, to'ioo sulphur burnt in twenty-four hours. With very 
well constructed chambers (y/i his views on that point, p. 625) 
this quantity may be lowered to 9 or to ptirts, but with wider 
chambers it must be rtd.sed to i,S parts NaNt).. This allows 
with “ high-pressure work’’to make 8 or 9 kl. acid ol 116 Tw. 
per cb.m, of chamber-space (say, 0-3 to 0-37 'b. ll,,S(9j per 
cub. ft.). When starting a new .set of chambers, the first care 
is to sec that the above ipiantity of nitre is provided. {Cf. 
al-so the statements of Davis, p. 640.) 

I'lVptiSilIs fur Ihc Oniinniy II nj nj Shyplyniy 

the Chambers .nth Xitre. 

A proposal made by the .Manulacture de Javel (It. I’. 1752, 
of 1882) seems to be worth)- of more notice than it has receded. 
The nitre is not to be introduced into the leading chamber only, 
where the temperatufe may thereby become*excessivel)''high, 
but to a small extent also into the following chambers, whose 
temperature is sometimes too low, Kven the acid for feeding 
the Gay-Lussac tower is to contain a little nitre, in which case 
no SO,, can escape thryugh the tower. 

The United States Chemiea! Company, tiamden, X.Y. 
(Amer. 1'. 325262, of 1885), injects nitrous vapours into the last 
chamber, after having first injected steam, in order to counter¬ 
act any too strong reduction of the nitYog^n-oxidds., 

Starting from a contrary view, Henker ( H. P. 1168, of 1895 ; 
cf. Kienlen, Monit. Scienp., 1895, p. 311) injects SO,,(in the shape 
of gases from the front of the first chamber) into the la.st 
chamber, in order to remedy* the dfawback, occifrring in the* 
“ high-pressure work,” that vapours yf N.,0., are for<ned which, 
as he believes, are not* sufficiently absorbed in Uie Gay- 
Lussac tower. These ure to be reduced to N._,03 by SO,^. 

2 ft 
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is cvKlcntla' the same principle as that irtirolved in Benker’s 
former prbcess (p. 839); the only difference is that 
he injected the SOj immediately in front of the Gay- 
Lussac tower, and that Benker now sends it into the last 
chamber. In regular work this procc.ss might act injuriously; 
but in cases where there is an, excess of N.,©, it may do good. 
According to a communication from the inventor (1902), this 
process is not applicable where there is a great distance between 
I the first and the last chamber, in which case 'the SO,., contained' 
in the gases aspirated from the first chamber by mt’ans of the 
injector, is changed into H.jS04 in the connecting-tube. 

The Swi.ss Societe le Nitrogene (Fr. 1 ’. 404071) replaces 
nitric acid in the lead-chamber process by a mixture of nitro.so- 
sulphuric acid and nitric acid, obtained by thoroughly saturating 
concentrated sulphuric acid, of 75 [jcr cent. SO3, with niffous 
ga.ses diluted with a great extent of air or an indifferent gas. 

of the. Vitriol-Chambers. 

.'\t every sulpluiric-acid works the temperature of the 
chambers is a subject of constant observation on the part of the 
attendants, and it is generally understood that the regular and 
economical working of the process is intimately connected with 
keeping the temperature at a certain height, different in 
different parts of the same set of apparatus, and considerably 
varying in analogous parts of the apparatus at different works 
but to be kept as nearly as possible equal and constant in the 
same [ilace. The care with which the observations of tempera¬ 
ture are made certainly varies very much. In Germany for 
many years past thermometers have been fixed in several parts 
of the chambers, generally near the " drips " (p. 698), and their 
readings are regularly recorded. In France and particularly in 
England this has been very much less the case; even in large 
and othcryvise very wcll-tnanaged vvbrks chkmber-thermometers 
were frequently not to be found even in recent times, and it 
was often thought sufficient to test the temperature of the 
chambers by putting the hand upon the lead. It is hardly 
'nece.ssary to' say that the latter plan is decidedly faulty, and the 
small expepse and trouble^of applying and using thermometers 
ought n^ver to be shuhned. 

This is independent of the questicn, whether a certain 
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temperature is or fs not the theoretically best for If e pnAcss of 
sulphuric-acid making, and whether this *is the uulu’, or the 
effect, the economical working of the chambers; for there is 
no diversity of opinion as to the fact that all causes leading to 
a faulty process ;ict eithct directly or indirectly on the 
temperature of the chambers, and that the observation of the 
latter is one of the most important guides for judging of the 
proper working of the acid-making process. 

Consi(Jprab|f diversity of opinion ex'ists concerning the t’cst 
tempenttufe fev the chivnher-proccss: but there is no doubt as 
regards some general facts. The temperature of every chamber 
diminishes from front to back, and naturally even more that of 
the last chambers compared with the first. All these differences 
in the normal process ought to be constant. The first chamber 
wiirbe generally so hot that it cannot be toucind by hand for 
any length of time, say 50’ to 65 C.: in the absence of any 
cooling-apparatus, Glover tower, etc., the heat becomes so high 
that the lead cannot be touched with impunity; but in that 
case the chamber will not la.st very long. The secon^l chamber 
mostly shows on the out.fidc hardly more than blood-heat; 
thermometers with their mercury-ves.scls inside the chambers 
show from 40° to 60’ C. The third chamber, if it be the last, 
will outwardly .show little or no difference in temperature from 
the surrounding atmosphere ; inside its temperature varies from 
40 to 30'’, and below fhat. * ‘ 

At the Aussig works 1 noticed in September that the 
tambour showed 60 ; the large chamber in its first part 45', 
in its last part 43’; the first back chamber 30 , the last (kept 
without any steam) 2cf C. 

At Stolberg (1902) the maximum temperature in the front 
part of the first chamber was 70 to 80 C. in summer, and 10 
or 15' less in winter. 

At Oker, in 189?, during the cold ’seajon, the Tirst chamber 
showed 70” in front, 60' in the back ; the second chamber, front 
50°, back 44'; the third,chamber, front 35 , back 25 . During 
the summer season the temperatures are 10' to 15" higher in 
the front, 5“ to 10" higher in tht: back'parL 

At Salindresthe leading chamber is kept at aq« average of 
65° in summer, of 55 ’ in winter. This is a refutation to’the 
assertion of Favre {A'fenit. Seient., 1876, p. 272), according to. 
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whom Vii th[' south of France the chamber^Froccss is already 
disturbed at 65 , l?ut it is true 'that many skilled chamber- 
managers prefer working the leading chamber as nearly as 
possible at 50 to 60 only. 

, Dr Stahf informs me that in a set of three chambers for 
brimstone, working without a Glover tower, but where part of 
the heat of the burner-gas was'employed for concentrating acid, 
the temperatures ranged as follows: — 

In the first chamber, near the entrance of the gas, from So ' 
to'90 (^, aceorrling to the outside temperature. 

In the second (main) chamber, in the middle, from 50 to 
Co" C. 

In the third chamber, about 10 (i. above the outside 
temperature in summer, and 20 C. in winter. 

The numerous observations communicated by Crowder 
( /. Sdi'. Cliein. hid., 1891, p. 301) contain nothing of importance. 

I'he opinion c.vpressed by II, A. Smith, according to whom 
the best temperature would be nearer 100°, is not based on any 
valid reasons, aiul seems to be shared by very few practical 
men ; on the contrary, such high teftiperatures are universally 
assumed to be e.'ctremely injurious to the chamber-lead, and are 
carefully avoided. In Europe, 90 or 95 is probably the 
ma.'dmum temperature employed anywhere; but in America 
1 found in one place, where zinc-blende was burned, a 
temperature of 100”, and it was asserted that this chamber (of 
course, the first of the series) suffered less than the last; but 
the)' had only a few years’ experience at that works, so that we 
cannot accept that statement as conclusive. 

.The/eavr limit of temperature is by cSchwarzenbcrg put at 
. 40 to 50 C., because otherwise there would not be a sufficient 
quantity of water remaining in the state of vapour; he asserts 
that in cool weather a set of chambers is less easily started 
than in wii.-ih weather, and that in winter more nitre is used 
than in summer. I must contradict this assertion of Schwarzen. 
berg's, both from my own and from many other practical men’s 
experience. Unless the temperature of the chambers sinks so 
low that ice is formed iii them (which may happen in back 
chambers ktipt without steam), no exqe.ss of nitre is required in 
wipter; on the contrary, at all weR-managed factories known 
to me it is asserted that they regularl)) require less nitre in 
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winter than in siu'iiner, ainl that the work all(i”ethcr |)roceeds 
better in the cooler season, ^ 

We have also seen (p, 730) tliat it is a mistake to assume 
that the water e.Kists principal!)- in the state of xajjour within 
the chambers. 

A most remarkable case is presented at the h'reiberft works, 
where the coolinr; of the burner-Ljas, in order to condense the 
ar.senious acid, is carried on so far that the temperature is 
equal to that of the outer air, and in winter the "ases often 
enter tlnj chahibcrs at o . In spite of this, no inconvenience 
is felt, and no special contrivances or precautions need be 
employed; the temperature within the first chamber .soon 
rises to 60 and upwards. 

On the other hand, it can.lot he doubted that there is at all 
ev«nts an upper limit, be\ond which the temperaturi' of the 
chamber ouqht not to p.i, \\\- have seen in Chapter lll.fp. 
346) that with the same paseoiis mi.vtnre a comparativelv slipht 
rise of temperature, from 70 to 8u , is sufficient to convert the 
oxiflation of NO to N.O, into a reduction of N..O.. to NO. 
Unfortunately we do not )et know the conditions of the 
process to the extent neccssar)- for ii j'rinyi fixint; the upper 
limit of the temperature of the chambers with any approach to 
certainty. 

In normal circumstances the temperature of the first 
(leadino) chamber wiH have a direct relation, to the (jiiaytity of 
work put upon the system. Whilst with the ordinarv .dlowance 
of 20 cub. ft. of chamber-space per lb. of sulphur the normal 
temperature is, as before stated, from 50 to 60 , ..r at most 
65 , it i.s, with forced work (15 or 12 cub. ft. |)er lb. of siilpbur), 
.So" at the inlet and Hses to 90 or 95 further on ; even ak the 
outlet it is .still 15 or 20 over the temperattire of the ambient air.* 

Benker (communication, 1902) considers a difference of 
10" C. between the»inside .and outsider temperatyre in the last 
chamber as a mark of excellent work;*l.S or 2cf should be 
never exceeded. He regularly fixes a thermometer on the 
outside as well as one ihside, a course much to be recommended. 

The temperature of the fhamhers depends ^ipoii various 
causes. It is raised by the heat of the burner-gases, by that of 
the steam introduced, «nd (in a*far»greater rtitio) b)4 the 
chemical reactions of the*acid-making process; .sometimes, in 
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hut cotmtries and in unprotected chambers, by the heat of 
the sun. I’irt of this heat is withdrawn by'the radiation from 
the thin and quickly conducting leaden walls of the chamber, 
also by the heat contained in the escaping gas and in the acid 
dra\Vn off. ,Thc loss of heat by ndiation will vary according 
'to the .season, to the wind, etc., but, of course, much less with 
chambers enclosed in buildingc than with tho.se exposed to the 
weather. Since for a given time both this influence and. the heat 
.■brought in by the burner-gases and withdn.iwn by, the exit- 
gases and the acid manufactured vary but little, '^he inner 
tem|)eraturc will practically be governed by the intensity of the 
chemical reactions. 

The facts now stated prove by themselves that, as I have 
urged before, frequent oliseivatioiis of the temperature of the 
ehmubers are of i^reat importanec for the proper managemenl of 
the process. Although the temperatures at the various parts of 
the apparatus show very great discrepancies at different works, 
they are almost constant in the same set of chambers, so long 
as everything is in good working order; and for thi.s reason 
any consitfcrable rise or fall of thcL chamber-thermometer, to 
the extent of say 5 ( '., is a certain sign that there is some irre¬ 
gularity which should be remedied. This indication is all the 
mory valuable as it is instantly observed without requiring any 
tests or loss of time, and it is accessible to any ordinary 
working-man without the aid of a chemist. 

One of the most .systematic series of ob.servations of the tem¬ 
peratures in different places of a set of chambers was made at 
the Uetikon works by Lunge and Naef {Chem. hid., iS.Sq.p. 17). 
Three readings were made every day, and the following arc the 
aver'ages of a prolonged period, both for (A) moderate duty of 
chambers (4-4 tons pyrites for 129,000 cub. ft., or 29 cub. ft. 
per lb. of sulphur), and for (B) intense duty of chambers (6 
tons pyritcf, or 20-8 cub.'ft. per lb. Of sulphur). The strength 
of the acid in the “ drips ’’ fixed near the thermometers is also 
indicated. The extreme variations of the chamber-tempera¬ 
tures, of which only the averages are given here, did not exceed 
3” or 4” C. The temperature of the outer air varied far more, 
vi/.., 3 to 17^“ in the fourtegn days’ working of A, and from 5° 
to 2ef C\ in the ten' clays’ working "of B; but this did not 
influence anything except the last' chamber. The chambers 
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had all the same width (28 ft. 4 irt.) and lieij,dit (23 ft.); ^ui the 
leading chamber was 138 ft, the second 65A ft, and the tliird 
36 ft. long. 


Pipe a>niin#froni^ilovcr tower 
Front of leading clianiber, near bottom 
Middle ,, near bottom 

>, „ niiihv.iy up 

I. near lop . 

Pipe ]>etween hrst antJ second clianil>er 
Second chamber near bottom 
Pipe between second and third chainlx:t 

Tjjird chaml'er. 

Outer air. 


A. 

Mnd.qatH lillty. 

Inti 

H. i 

‘nKOihtty. 1 


Strenutb. 


Stri'iinth. : 

t'. 1 

1 

Tw. 


Tw. t 



1 75 

' 

60 

123 


123 j 

bo 

112.1 

1 7* 

1 If) j 

bi.8 


73 


b4-S 

1 lib 

7b 

lib 

45 

III),', 

57 


3 “ 

116 

41 

Ilf) 1 

27 


35 

H')' 1 

19 

116 

24 


9 


12 

i "■ i 


This shows in tlic first chambers a difference of from 9' to 
12" between moderate and intense duty of the chamber.s. The 
temperature was very distinctly influenced by the <iuantity of 
nitre: with strongly red chambers it was much higher in the 
front than in the back part; with paler chamber.s the difference 
was le.ss, the reaction also going on more equally. At the top 
of the first chambers the ga.ses were from 4 to 5 liotter'tlian 
at the bottom, but gas,analy.si.s showed that t^hc gase.s were not 
richer in SO^ and 0 in the former tlian in tlic latter case.* 

Further experiments were made on tlie cooling-influence pf 
the radiation from the chamber-wall.s. The following are the 
averages of seven days’ observations at distances of 10, 4, and 
2 in. from the chamber-side, with an average outer temperature 
of 19' 


Pipe from Glover tower 
I Front of leading chaml'cr 
! Middle ,, 


Second chamber 
Third chamber . 


bintancfi from chamUtr-side. 


10 in.* 

• 

4 in. 

2 In. 


78’ 




72 

71 

69' 

near bottom* 

• 74 

73* 

70 • 

midway up. 

7b 

75 

73 

near top 

, 80 

79« 

77 


i*‘ 

5 ' 

» 

• • • 

33 

33 

3.% 
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At :in outer temperature of 19", therefore, the cooling 
between 2Und 4 ip. from the cljambcr-side averaged only 2“, 
between 4 and to in. only i". At lower outside temperatures 
of cour.se' the cooling action would be somewhat stronger. 
Greater differences were found wl^en the following observations 
were made in the centre of the chamber by lowering a 
maximum thermometer by _ means of a wire through the 
chamber-top and reading off at the other places as before 
(the table gives the average of ten observatjon.s, at an average 


outside temperature of 18 ):— ' 

I'ipi' from the f'llover tower . . . • .73 

l•'ront of leading (diambcr . . . . .69 

Middle of ditto, to in. from side, bottom . . .70 

„ „ „ 1, midway up . 72 

„ „ „ „ lop . • ■ 7 f) 

,, ,, i.eiili e of chamber, bottom . . 75 

„ „ „ „ midway up . -“S' 

„ „ „ „ top . . . iSo 

Second chamber . . . . . -50 

'I'hird chamber . . . . • . .29 


This shows a difference of 5 between the centre and a place 
10 in. from the sides, .so that there would be 8 between the 
centre and the sides. This would'seem to indicate that the 
hot current of gases moves less quickly in the centre than near 
the sides, and it agrees with the fact that the percentage of SO., 
and'O in the centre is greater; that i.s, that the reaction is less 
advanced there than near the sides in the same transverse 
section of the chamber. This would agree both with the theory 
(}f Abraham (to be mentioned further on), according to which 
the gases move in a spiral course from the front to the back 
end of the chamber, and with that of Sorel, as we shall see in 
Chapter IX. . 

The preceding observations clearly show that the chemical 
reactions produce a rise of the temperatures, as the heat of the 
ga.ses in the middle of the leading chamber near the top 
exceeds even that of the gases arriving in the Glover tower, 
in spite of the cooling action of the air traversing a distance of 
70 ft. from the front to the place of obrervation. This is con¬ 
firmed by special observations in the fore part of the chamber, 
where the formation of acid is most energetic:— 

I Bottom. Midway. Top. 

33 ft. from front emf' . , .* 80*5 83" 81' 

« f'6 ' » » • • . 75 7S 80 
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Special intcres* is also afforded by observations male to 
ascertain the effect of usiiitj either .rAvJw ^or n s/’rii- of liquid 


water for feedin^^ the chambers. 

si** 4 in. 

'Yatfi'-spray 


(< >UtaT t-'llip. 
!•-’ .) 

(Out^r t4-in|). 
■'A.) 

Pipe from (ilover lower 

. 6 <} 

• 

73 

Leadinjf chamber, bottom 

. 71 

73 

„ „ midway 

■ 7,t 

75 

„ „ top. . 

. 76 

7 X 

Pipe (irom fVst lo second chamber 

.s 7 

6 S 

Second chamber 

■ 41 

53 

Pipe from f^ccond to third chamber • 

, 36 

47 

Third chamber 

■ 44 

31 


It is true that in the second case (water-spray) the outer 
terr^)erature was 12 higher than when using steam; but wc 
have seen above that this inlluences especiall)- the first 
chambers but little, and we may thence conclude that there is 
no sensible difference in temperature between the application 
of water as steam or that as liijuid s|)ray. All this csmfinns the 
paramount influence of the chemical reactions. , 

The following diagram.s, Figs. 33 ^ to 337, show the just- 
mentioned results graphically, the length of the chambers being 
approximately represented. In Fig. 333 the thick line 
represents the temperature-curve for a normal dut)- (2o S 3 ;ub. 
ft, chamber-space), at 12 ( '. outer temperature ; the dotted line 
for moderate duty (29 cub. ft.), at 9 C. outside; the upper faint 
line the temperatures observed with a hdjiiid water-spra\’ at 
24 outside. l''ig. 334 gives the temperatures, obtained in the 
same series of experiments, as observed in the same transverse 
.section near the botbom, midway, and near the top (the Ijnes 
have the same meaning as in the preceding figure). Fig. 335 
.shows the temperature-curves in the longitudinal section of the 
chambers ; the dotted line.reprcscnting the observations taken 
at midway height, the thin line the bottom(»and the tlfick line the 
top. They show’ very clearly how the temperature is raised by 
the chemical reactions; near the bottom and at a midway height 
it begins to fall in the second^quartyr of the leadjng chamber^ 
but at the top it keeps up as far as midwaw Fig. 33C shows 
the temperature at different height? in .the centra*of the ^fir.st 

chamber; the dotted line at a distance of 33 ft,, the fliick Ijiu, 

• * 
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VVk hiiTie already ftcn, i)|i. 6 ,■/ .viv/., tliroir^di Imw man)- stages 
tile coiislruclioii of tliat apparatus lias ooiu.‘ in wliieli fornu’rly 
all sulphuric acid, other than funiini^ oil of vitriol, w'as made aud 
up to now is still made lor the most part, viz , 'he /i in/ 

Also that sulphuric acid is formed b\’ the o.\)'c;en of the air 
being transferred to sulphur dioxide through the intervention 
of the acids of nitrogen ;ind with the aid of a molecule of water, 
thus: 

S()_,y() I 11,0 SO|IL, 

All the substances entering into the process are in the slide 
of a gas or vapour except the w.iter, which is sonuitimes intro¬ 
duced as a spray or mist. The reaction takes a certain time, as 
the nitrogen compotnids which serve as carriers of oxygen have 
to be frequently reduced and rcoxidi.scd, and as the gases and 
liquids are only gradually mixed so intimatel)' that ’they can 
afj^ajl^ enter into reaction. There must therefore be a space 
provided in which large quantities of gas can remain for some 
tilne. According to the calculations given on pp. 556 and 558, 
»ror each kilogram of sulphur in the state of brimstone Oipp, or 
in the state of [lyrites 8145 1. of gas, reduced to o and 760 mfti. 
pressure, must enter into reaction ; and these figures are a good 
deal increa.sed by the higher temperature, the steam, etc. In 
order to harbour such vast quantities of gas, very lafge spaces 
must be provided. Since the strongest acids have to Ije dealt 
with, both in the liquid and the gaseous form, most materials 
otherwise used in building are .out of the question; and since 
glass, earthenware, etc., arc excluded by the laj^ size of the 
apparatus, practically only one material remains which is 
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sufficiently chVap asd suitable for the purpose, viz., lead. The 
disadvantages of this rr^tal, such as its great weight, its softness 
5 nd lack of rigidity, its low fusing-point, its comparatively high 
price, cannot outweigh the advantages which none of the base 
metals share with it for our purpose, viz,;—its great chemical 
resistance to the acid-gases and liquids; its ductilijy, which 
permits rolling if into large sheets; its extraordinary pliability 
and toughness, in consequence of which it can easily be shaped 
in every possible ^vay ; and, lastly, even its ca.sy fusibility, which 
permits the edges of two sheets to be sti completely united by 
melting together wdth a strip of lead, that they form a whole 
for all practical purposes, and that it is thi^s possible t») make 
vessels (jf indefinitely large size and any shape, provided care be 
taken to sujrport the walls of the vessel on the outside, lest they 
collapse by their own weight. 

A specitil advantage of lead is this, that even after a number 
of years, when the chambers have become (juite worn out, the 
greater portion of its value can be recovered b\' rcmelting the 
material; even the mud containing lead can be utili.scd. 

I he attempts to mahe siilplnii ie-aeid ehamhers from other 
materials than lead have completely failed. To this class 
belongs the proposal of Ley land and Deacon (British patents 
of loth September and .’nd December 1.S53) to make them of 
hard-burnt firebricks, slate, sandstone, basalt, etc., set with a 
mixture of meltcrl sulphur and sand. Vnleanised india-rubber 
ot gutta pereha are just as useless ; Krafft (Wagner’s Jahresber., 
■859. !>• 137) found that gutta percha in an Aid-chamber loses 
six times as much weight as lead, and half as much agahi pf its 
surface. It would be absolutely impossible to use it, becau.s^'it 
softens at the temperature of thethambers, and in that stateis 
even more casdy acted upon by the gases. Simon’s seiode^ 
\Bingl. polyt. /., civ. p. too), a mixture pf ‘19 sulphur with 
42 pounded glass, to be employed in slabs of 4 in. thickness 
has, no doubt, never been so much as tried for this purpose, no’ 
more than^the sheets of glass proposed by Vilson and others! 

, "General Notes m the Erection of Lead Chambers. 

The chambers are always p^ced at some elevation above 
the groun«d^el. At the present day chambers arc probably 
nowhere fouSa* placed oj thd* ground itself, or* on such low 
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foundations that one cannot at least walk •underneath ; mostly 
their bottoms ane much higher than this. The fir.st object of 
this is to give the opportunity of ascertaining whether the 
chambers are tight. If their bottt)ms are not easily acce.ssible, 
large quantities of sulphuric acid may get lost in the ground 
before t|)is is detected. And this means not merely a loss of 
the acid, but still more: the foundations are corroded and 
undermined, and th'e whole structure may collapse. The 
expense of building the chambers on pillars, ^-tc., is luit thrown 
away, as the whole %pacc underneath can he used as a 
warehouse, which in winter time has always a moderatel)’ high 
tempefature; or i%may even, if high enough, be utilised for the 
pyrites-kilns, etc., although this course is not to be recommended. 
In the latter case the chambers should be from 17 to 20 ft. 
above the ground. At .some works, which are pressed for space, 
even the saltcake-furnaces, ball-furnaces, etc,, are built under¬ 
neath the chambers ; hut the space helow them must then he 
at least 30 ft. high. 

In any case the .soil must first he e.xamined to a.scertain 
whether it affords a safe Jonndation ; for if the .srril settles more 
in one place than in another, the chamher gets out of plumh and 
its bottom out of level, which, owing to the acid lying on the 
latter and to the instability of the chamber-sides, causes great 
inconvenience. A rocky or pebbly ground is best; next to this, 
sand or clay ; marl hr limestone are bad, becau.se .sometimes acid 
will run over accidentally, which acts ujion it; and this may 
happen even wifti clayey s(jil. In such cases the whole soil 
iq^d#ri1eath the chambers must be protected by a layer of 
asphalt. 

J The pillars upon which'the chamber is erected must, of 
■'Course, go down to the “rock,” as in any ordinary building of 
considerable height. If the accumulation of made ground* o’r 
loose earth is so deep that it would be too costly to excavate 
and raise the pillar^ from below, piles must be driven in, 
according to well-known building-rules, and the pjjlars built 
upon these. 

The pillars themselves can be made’of brickwork, stotfc, cast 
iron, or wood. Sometimes, iiistead of single pillars, two longi¬ 
tudinal walls are erepted, connected by emsi joisti and 
interrupted by doors, windows, eti^, as shovm in the sketch 
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Fig. 158. SucTl longkwalls require much material and make the 
room underneath the cftimbcrs dark, in sjjitc *f the windows. 
They arc only suitable where the chambers are placed unusually 
high in order to»build furnaces underneath. Up to a height of 
about 26 ft. metal pillars seem preferable. 

The cheapest jaillars are those made of wood or briefcs; very 
rarely they are ma<lc of stone—much more frequently of the 
fearer but much stronger and more durable material, cast iron. 
If made of imul, ^jund or canted balks of at least 10 in. (better 
[ 2 in.) thickness must be employed. Mbstly fir- or pine-wood 
IS used, especially Scotch fir; but the American pitch-pine or 
yellow-pine, such as is used for shipbuilding^ is preferable (on 



account of its much greater durability) in spite of its higher 
price. 1 his applies not merely to the ))illars, But even more to 
the frame of the chamber itself The pillars must vary ift Ijieir 
thickness, mutual distance, and the way in which they are stayed, 
according to their height and tht> weight resting upon thert| 
(which may be taken at 150 lb. per superficial foot of the total 
chtfmber-area, for the lead, timber, and acid, .the* latter alone in 
a full chamber amounting to 120 lb. per superficial foot); but 
for an average height of 10 to 13 ft., which will not often be 
exceeded jnth wooden pillars, they ougfit not to be further 
apart thaji 10 to at most 13 ft. from centre to centre. In any 
case they are put intb a stone socket projecting from the 
ground, lest the bottom of the, pillar be damaged by any 
moistSre oi* ^gi^ the stone has at the ^top a hollow of J to i 
in. depth, into wBich the fo^t of the pillar fits exactly; at first a 
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little tar is poured into it. Wooden pillars do n^ last for ever; 
they are not to be trusted very much, and are rarely found now 
in larger works, at Rny rate as principal pillars, except whew; 
wood is very cheap. 

Frequently bric/c f'i/lars arc employed. These also arc not 
often made above 13 ft., at most 15 ft. high. Their horizontal 
section Should be at least 18 in. (better 2 ft.) .%]uare. They are 
made of common bricks, with a mortar very jjoor in lime. 

The brick pillars in many works have been replaced by cast- 
iron ones, becau.se the former are not very duTable, especially at 
the top, where the beams rest. Fven the bricks them.selves are 
rotten,by contact with the acid. The)- stand better if previously 
soaked in hot tar*; but the)' take the mortar very badly after 
that. They may also be painted with hot tar afterwards. 

On the Continent, where in consequence of the colder 
winters and hotter summers, the chambers have to be placed in 
a closed building, the pillars ma)' be built in a piece with the 
main walls of this building; but it is even then best to keep 
them .sirparate, as they settle down diffcrentl)' from the main 
walls. 

Chambers 20 ft. and upwards in wifith are .sometimes built 
with mixed pillars—viz., brick pillars for the two long sides, and 
wooden pillars for the centre row. 

Static pillars are not often used for acid-chambers. Made of 
rough stone.s, they ^vould be extremely clum.sy ; and hewn stone 
in most places is too dear. On the other hand, of course, stone 
pillars of the latt*r kind are very substantial, and last almost for 
ever, lyiless the stone be ver)- soft and rotten. 

fo the larger works in luigland cnst-iroii pillars are almost 
Exclusively emplo) ed, in spiV of their higher cost. The.se can 
,be made 30 or even 36 feet high ; they take very little space, 
and arc almost imperishable if painted from time to timo. 
They can be weighted a good deal more than any orficr pillars, 
unless these are made very thick; and they can be u.scd as supports 
for many other purpAes by means of cast-on brackets or even 
of pieces bolted on subsequently. A brick or stone*foundation 
must be made for them up to the level of the ground o'V little 
higher; the top ^one is rnade^with a .socket to receive the foot 
of the pillar, as in the case of wooden ones ; or hole.s*are drilled 
into the stone, corresponcTing t* other holes inAffe base of the 
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column; and»,the joint is made by 
iron cramps, fastened by pouring in 
melted lead, or in some*other way. 

The cast-mctal columns are now 
frequently maclc of an H 
section and a little tapering upwards. 
Fig. 159 will show this more dis¬ 
tinctly, together with a bracket on 
each side for receiving a wooden 
stay for the tiinbtr above. Another 
cross-shaped section is shown in Fig. 
t6o. These constructions arc better 
adapted for brackets, etc., than round 
columns. If liighcr than shown here 
(15 ft.), they must he corres|)ondingly 
stronger—for instance, for 20 or 24 ft. 
height, 12 in. diameter at the base. 
Such columns can be placed at 20 ft. 
distance from centre to centre, if the 
beams resting upon them are strong 
enough. 

Sometimes the columns are made 
of wroiit^li/ iron, of the section shown 
in Fig. 161. They are a little dearer 
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tlvin cast-iron columns, but more 
durable and reliable. 

The pillars arc in most works 
placed so that they stand directly 
under tHfc'side frame, which has to 
carry, the weight of .the chamber 
sides, and in the English .system akso 
the \:’hole«weight of the chamber top. 
This, howcv^&I> in any case suffice.'? 
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only for very narrow chambers; for chambers of ,*rdinary width 
(from 20 ft. upwards) a centre row of pillars must be added to 
prevent sagging of the joints. But as flic weight of the acid io 
a full chamber may be up to four times as much as that of the 
frame and lead combined, it seems more rational to place the 
pillars more inside, in which case two rows siiflice even for a 
chambei'of ordinary width. 

Above the pillars there are generally placed lotii^iludiniil 
slt'i’pcrs. If there is a continuous wall in the place of pillars, to 
cover this with a 2-in.jrlank will be sufficienf; but if there are 
separate pillars, the sleepers must be strong enough to support 
the wt^ole structure of the chambers, both wood and lead ; and 
their strength wilt then depend on the distance between the 
pillars. With chambers of 30 ft. height, and distances between 
the pillars of 20 ft. from centre to centre, the longitudinal 
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sleepers should not,he less than 12 to 14 in. high, and ought, 
besides, to he sup|)ortcd hy stays, as shown in Fig. 1C2. With 
the pillars placed at shorter distances (s.ay 10 or 13 ft,), timber 
of 9 ty 12 in., always on edge, suffices for the longitudinal 
'^Slfecpers. The joints of the beams of which they consist ought 
•to be well connected, as sho^n in h'ig. 162, and should he placed 
between the pillars, where they are supported from behjw by 
the stays. The upper face of the sleepers must be IcvcIlecJ jis 
well as possible from one end of the chambers t® the other. 
Above these the cross joists are iffaced, running from side to 
side, and made long enough to carry the side frames, and to 
leave, moreover, a passage round the chambers. Kor the latter 
object only every third or fourth joist .need project about 5 ft. 
on each side. The joists are mo.stly planks on edge. * , 

If chambers are much It.ss than 20 ft. wide, ^hich^is not 
frequently the case, no central longitudinal sjjw^r is needed. 
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and the croes joists should have 9 by 3 in. section and 
corresponding Icngfh. Wider chambers require a centre row 
of pillars and sleepers; ^ind in this case, a* such long planks are 
not easy to get, the joists can be made in two lengths, resting 
on one of the sfdcs and on the central sleeper. The horizontal 
distance of the floor-joists is usually 12 in. from centre to centre. 
Some works employ joists of 3 by 11 in. The Icngfh of the 
joksts is equal to the width of the chambers /*/»s the chamber- 
frame,///c.v the width of the passage. 

The joists are»ccivcrcd with a i-in./lour, laid quite level in 
all direction.s. As the flooring-boartls might easily warp in 
course of time from the heat of the chambers, this must be 
prevented !))■ the well-known methods of carpentry. The edges 
of the boards arc planed so as to form a perfectly smooth floor 
without any chink.s. 

Another .system of building is more in favour on the 
Continent, h'irst, from pillar to pillar strong sleepers are laid 
across the width of the chatnber ; upon these a large number of 
longitudiTtal joists arc laid, anri the flooring-boards on the top 
of these, running from one side of the chamber to the other. 

Upon the whole thc/rowr of Iho liuinthor is erected, which 
.serves for supporting the lead. If constructed of wood, it consists, 
for e.ich side of the chamber, of a sole-tree (sill) and a crown-tree 
(capping), connected by uprights or “ standards,” and further tied 
by cross rails or st.iys. The sole- and crown-trees and uprights 
are cither of .s(iuarc section (say 6 in. square for a chamber up to 
20 ft. high) or oblong (say 7 by 3 in.). The ^de- and crown- 
trees lie on the flat side ; and the uprights are mortisetl into 
them so that their longer side just covers the trees. ln*tBb' 
corners the trees project over .lud ,^rc rabbeted into each other.* 
If no cross rails are emploved, the uprights are placed 3 ft. 3 in. 
apart from each other; if they are connected by cross rails, they 
can be placed 4 ft. apart. The cross rails are 3 in. by 2 in. ; 
they are only partly let into the uprights, in order not to 
weaken thc.se; and are placed at vertical (Wstanccs of 4 to 5 ft 
from each«othcr. The chamber-lead is kept a little away from 
the wood*vork in order Jo expose the lead everywhere to the 
cooling action of the air. If this is not clone, t|ie lead is found 
to be juickl^- corroded in the partis protected against radiation 
of heat bj- tl»*^ood ; it has ovvn becif observed 4 hat insects 
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from the wood have bored through it.' ft is noivinjsuaJ to shape 
the woodwork so as to pre.sent the least possible contact with 
the lead, as shown iti Figs. 163 and 164 Almost the same 
effect is obtained by using round timber for uprights. 

The best kind of timber for this purpose, as well as for all 
others where acids arc concerned, is American yellow-pine or 
pitch-pin^;; but <as this is frecpiently too e.x'fiensive, ordinary 
red-wood is also vcryjnnch in use. It is beneficial to [wotcct it 
against the action of the acids by a coating of whitewash, which 
is at the same time a sljght protection again.st the risk of fire. 
Another kind of protection from the former, although not from 
the latigr, risk consi.sts iji |)ainting the woodwork with coal-tar, 
or preferably with a .sort of tar-varnish, made b)- dissolving 
coal-tar pitch in heavy tar-oils, and 
known as “ prepared " or “refined” tar 
(I-ungc’s Coal-Tar and Ainiiioiiia, .|th 
edition, j). 441). The latter enters better 
into all the pores of the wood, and on 
drying does not leave so many crevices ; 
it is altogether prefi'r.ible to raw coal-tar 
for painting wood, iron, or brickwork, i'ig. 163. I'm. 164. 
and is not much dearer. 

The painting of the woodwork is best done twice, and 
before the lead is put on, so that all parts can be reached by 
the brush. . 

Special care must be taken lest an)- :icid gets into the 
mortise-holes, wWc the uprights arc joined to the sole-trees, 
etc. Nt> empty sp.-icc shcjuld be left here where any acid could 
nrage* but all interstices should be filled up with coal-tar pitch 
of the like. It seems also aijothcr good plan to cut out the 
^bottom of the upright, and make it fit on to a corresponding 

saddle-shaped part of the .sole-tree, as shown in Fig. 165. Two* 

• 

‘ I feave described such a case, where the beetles in (jueslion belonged 
to the species Tetropium luridutn and //ylofrufies bnjnlus {X. angenv. Chem.^ 
1897, p. 527). Observation of the same kind have been made by ffartmann 
in 1891, by Scheurer-Kcstner, by W. lb Hart (J. Soc. Chetn. huT.^ 1906, p. 
456), and others. Messrs Schnorf, of Uclikon, npar Zurich, possess a sheet 
of lead strongly damaged by the attack of a wasp, Sirex Many 6uch 

wasps still stick in ihf holes made by them, as they are instantaneously 
killed when they have succeeded in perforating the lead an<)^Jhercby ?omc 
into contact withnhe chamber-gases. 
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small lead pi^)es drain away any liquid collecting in the low 
corners, so that no acid can ever lodge there and cause the wood 
to decay. * 

In Krancc joinetiine.s the bottoms of the uprights are not 
at all mortisetl into the .sole-tree, but rest flatly upon them, 
being l<e|)t in their places by pressure and friction only. 

Whether cross raill! are u.sed 
or not, in an)' case there should 
he diagonal stays, to give more 
stability to the frame. It is 
not of much consequence how 
the st.iys are put, so Jong as 
this is iloife iiccording to the 
well-kiio>vn rules of carpentry. 

If, as is usual in England, 
the chambers are placed in the 
o[)en air, one side of the frame 
is made about a foot higher than the other, so that the rain¬ 
water anil melted snow can run off, and on the lower side a 
water-spout is arranged so that the rain-water cannot run along 
the chamber-siile down into the aciil at the bottom. 

.■\t some [daces the chamber-frames arc made of miglc-iron. 
This plan has the tidvantage of [iresenting an e.xtremely durable 
and clean erection and of .avoiding overheating of the lead in 
any part. .Such frames may he constructed in the following 
manner. The side-frames consist of thin angle-irons crossing 
each other at right angles, the u|)rights 9»ft. h in. and the 
horizontals 7 ft. distant from each other. No iron qails are 
employed at all; the lead .stra[)s are simply bent round *fnc 
angle-irons. Ihe roof is sus|)enc^d from angle-irons inexactly 
the same way. Of course iron frames arc more costly than 
•vspoden, and must be kept in order by painting from time tc 
time, preferably with coal-tar varnish (p. 591). 

R. Moritz, (tier. I’. 235S00; Atncr. 1 ’. 981103 ; Fr. P. 395964’ 
de.scribes a chamber-framing without anf uprights between tht 
single cRatnbers. The side-sheets are held by means ol strap! 
on ^ods, extending between angle-irons fastened on the iroi 
roof-frame, and angle-irons fa.stened to the,upper edge of thi 
upstond »f the chamber-bottom, which is screwed to the lowe 
cross beauff^ the building .by rrfeitns of angular stays. / 


4 
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great number of details is given in the ^cifie'Jition for this 
style of frame. 


L end for ('luindh rs. 


Now the chamber itself can bo erected, and we shall there¬ 
fore now^speak of the load to be employed. For this, sheet-lead 
as wide as the rolling-mills can supply it, atid of convenient 
length, is used, so as»to have as few seams as possible. 'I'he 
usual ihtckness in I'.ngland is 6 lb to the superUcial foot, 
sometimes 7 lb., espcciaily for the ends and the top, or for the 
first chamber of a .set. 

This thickness sufTicient for a chamber to last iipwarils f)f 
ten years ; the bottom lasts longest, because it docs not get so 
hot as the sides and the top. and it is also more protected by 
the mud of lead sulphate which collects upon it; only in ca.ses 
of gross neglect (for instance, if nitric acid gets to it) it is 
quickly worn out, whether the lead be thick or thin. Hut where 
ztiicddeitde is used, the iiieniiij contaijied in it may hav(r a 
different effect, es()ecially since the blende-furnaces are driven 
at a higher temperature, so that more mercury gets ijito the 
chambers. According to information received from Dr Hasen- 
clever in 1902, it has been noticed at Stolberg that the mercury 
acts most strongly at the lateral parts of the bottom which are 
less protecterl by the sulphate-of-lcad mud, and where th<^ joint 
between the side sheet and the bottom sheet causes the double 


layer of lead to collect acid ;md mercury between the two 
.sheets. Here softtelimes mercury is visible in globules, and 
that part is worn out in less than three years. Hence at that 
pace the whole bottom is made of stronger lead, rolled extra 
strong at the part next to '.lie sides, which is, moreover, pro¬ 
tected by a covering of acid-proof flags. 

In America 'the usual thickness of lead is only 5 lb. per 
superficial foot, and even 4-lb. lead is sometimes us&d if. Soc. 
Chem. Ind., 1885, p. 27); but this .seems very bad economy 
indeed, and it can only be done when burning brimstone. In 
the best American works I have found 6-lb. lead. 

On the other hand, at some of the best English works not 
only is 7-lb. lead a.sed throughfiut for the chambers, but in the 
most exposed places, such as the front and back^etids rTf the 
leading chamber and several feit of,the sides 'Jtljoining these, 
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9-lb. is used!* Soipetimes the side sheets are rolled so that 
the upper and lower ^two feet arc made stronger than the 
remainder, because these parts are more quickly worn out. 
Chambers buijt in this careful way last upwards of twenty 
years. 

The qiinlily of the lead is certainly of great injportance. 
Opinions were formerly not altogether agreed as to the point 
whether pure or impure le.ad better ’resists the action of 
sul])luiric acid ; and in the present case it is no doubt not so 
much this acid as the nitrous compounds to which the attack of” 
the lead is due. Most manufacturers formerly inclined to the 
belief that “hard lend” is better adapted^to vitriol-chambers 
than “.soft lead." A test sometimes performed consists in 
trying which of several samples of lead in contact with sul¬ 
phuric acid gives off more hydrogen from a given surface in 
a given time ; but this test is very apt to mislead, and there is 
really no good test known as yet (cf /. Soc. Chein. 
p. 230). 

This subject has been fully di.scussed before, pp. 324 ct scq.^ 
where the conclusion was reached that for vitriol-chambers 
the purest and softest lead is the most suitable material. In Z. 
angew. Clieiii., 1H92, p. 643, I have given the following analyses 
of lead specially suited for vitriol-chambers ;—1. Soft lead of the 
Mulden lead-works: 0001 per cent, t'u, 00.44 Ih, 00004 Sb, 
0-0005 I*'®i 0 0004 Sn, 0 0005 ''^g. »<> ‘Ts. 2. Soft lead from 
VV. Leyendecker & (io., Cologne: 0 0034 ('11,0 0019 Hi, 0 0029 
Sb, trace of Fe, ooo.)/ ,‘\s, 0-00025 Cd, tra 0 e of Ni and Co, 
0-0010 Ag, 0-0002 /n, 0-0024 O. * . . 

G. 1 '.. Davis {Chemieut Engineering, i. p. 142) (piotcs the 
following analyses of “chemical lohd " (from what source or l7y 
whom made is not stated); the figures indicate milligrams^ 
par kilogram (I omit the decimals);— 
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IJ. 

c. 

n. 

Antimony . 


■ 17 
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33 

Copper 


. 2 \ 

>3* 

14 

'9 

SAvCr 
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I 

r 

1 

2 

I^ismuth 


f 

2 

•22 

4 

Zint . 
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According to Eng. and Min. /., 8th IVtn ch *1902 (/. .S’oc, 
Chein. Ind., 1902, p. 510), a special braiiij of lead is designated 
in Missouri “chemical hard lead,’’ and is sold at 5 cents 
per 100 lb. above the price of ccnninon Missouri lead. It 
is supposed to contain a little cop|)er and antimony, but 
no attempt is made to kei^p the composition within precise 
limits. Muhlhauser, in X. angew. C/hin., 1902, |). 75.8, 
quotes an analyses ^A soft ch.nnbcr-lead from Chicago and 
St Louis. 

Leyendecker (B. B. 2^56 of 1901) prep.ire.s a special ijuality 
of chemical lead by adding either o-i to 0 5 per cent, copper or 
0-1 to 0*5 per cent.^opper and 01 to 0 3 per cent, antimony. 
(Such a patent could hardly be maintained in the face (jf my 
researches, quoted supra, pp. 325 rt sri/., ])ublished a long time 
ago, for the purpose of benefiting chemical manufacturers 
generally.) 

The analysis of such lead, v^’hich I have obtained from the 
Rhenania Chemical C'o., as compared with ordijiary .s(jft lead, 
gives the following results - 



Or'litiiiry Kolt 

(.lyniplejkcr'.i 


ll’A'I. 

iiiinlily. 

lii per ccnl. . 

0-00 C,Oi 

0-00(t05 

j Cu „ . . 

0-01787 

o-c ()^83 

Cd . 

0-00004 

0-00003 

As . . 

0 

0-00002 

Sb ,, . . 

0-00039 

0 - 0 ^ 02 ^ 


0 00089 

0-00074 

Zn „ 

0-00082 

0-001 22 


Graffweg & Co., of DtisScldorf, also supply a " .sjjecial 
*fuality’’ of lead, especially recommended for Krell's concen¬ 
trating apparatus,’described on Cha|)ter XX. 

We notice, in the “special quality," besides a certain amount 
of copper and antimony (the latter in such small quantities as 
not to counterbalance l;he useful effect of the copper) akso an 
unusually small amount of bismuth, being only i: too of that 
present in the “ ordinary soft lead.” The firm using bo'th>had 
not had a suflficierttly long exoericnce with them to judge of 
any difference in behaviour. 

The Chenf. Trade 190C, xxpcviii. p. gi, gives the 
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following anJtlyscs.of “Good Chemical Lead,” in parts per 


• 

• 

1. 

■ 1 . 

liisintilh 

. 0 00’3 

00139 

Iron 

. 00021 

00021 

Anlitnoiiy 

. o<xji6 

00011 

CoppA- 

. OUOf)^ 

0 0006 * 

Cadmium 

. trace 

trace 

Silver 

. trace 

trace 

Zinc ^ 

. 0-0009 

• 

0-0005 


The (]uality of the lead used for boiling-clown pans will be 
treated in the chaj^ter describing these |)ansi • 

K. L. Robinson {t 'lu'iii. 'inidt'J., xliii. p. 83) tests “chemical 
lead ’’ by heating a piece of i in. .scpiarc in a beaker with 500 c.c. 
concentrated sulphuric acid, and slirrijig with a thermometer. 
At a certain [joint a violent reaction .sets u[) and the metal 
disappears in about a couple of minute.s. With lead suitable 
for chemical work this takes [jiacc at 220° to 240'; with 
unsuitable lead, at iSo'’ or lower. 

All sheet-lead before being used should be “ mnitglcci’’ in 
order to beat out all ineciualitics and indentations casually pro¬ 
duced in transit, etc, Kor this purpose it is tightly rolled round 
a wocjden roller, about 6 iii. tliick, and is beaten all the time 
with a plumber's mallet. 

llakcma (-^. cwc,vri'. Clieiii., 1904, p. I4.t6) recommends coat¬ 
ing the lead, after the erection of the chambers, with black 
paint, in order to promote the cooling ify radiation. The 
diagram given by him does not show any very stroitg „ 

in that direction. 

Joining the Lead Sheets. —TRe sheets of lead were, in the 
infancy of acid-making, joined together by the ordinary so/t> 
'dilder, which is very convenient for use, but is soon corroded 
by the acid, Places soldered thus are also much more brittle 
than pure lead. So long as the chambers had to be put together 
in this \va^, there was occasion for innumerable repairs. 

Another plan (which is far better in this respect, but takes 
muoh fead, and is only easily applicable for straight seams) is 
the rabbet-]o\nt The edges o& two sheets *of lead are turned 
ovef in tRe _wa v shown in Fig. i66,^pjaced one into the other, 
and beaten oown on a smooth surface. Such joints are gas- 
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tight, and have been used here and there iiuEnglifnd till within 
the last few years. ^ 

The kind of joint now generally emidoycd is that made by 
burning, employing the lead it.self as solder—that is, by melting 
it with a hydrogen flame fed by comprcs.sed air. in this way 



Kig. i66. 

• 

the two sheets ;rrc joiited so tightly, that with good work the 
Joint, being thicker than the sheet.s, is actually stronger than 
they art. If the j*int is rough ajid uneven, fi>reign substances 
will easily be deposited in the rough parts, by which the lead 
may be damaged. 

Thi.s mode of joining was invented by Uebassayns de 
Richemond in iSjS. 'I'wo apjjaratns are re(iuircd for thi.s, 
whose construction is seen in Tigs. 167 and 16S. Fig. 167 



•.* ... 

Kig. 167. Fig. 168. 


shows the “plumbers’ machine’’ — that i.s, the hydrogen" 
apparatus—quite similar to an ordinary laboratory gas-holder, 
but made of lead, ofte^ with a wood casing. The lower ve.ssel, 
A, contains a lead grating, KL, upon which granulated.or scrap 
zinc is put. The upper vessel contains dilute sulphurjc acid.' 

’ Hydrochloric acM, in the place of sulphuric acid, cannot be employed 
in the plumbers’machine, as it carihot be left in prolonged contact^ with 
lead, and it is also contended ihjt the workmen are injure^ the hydrogen 
made by means 8f hydrochloric acid. ’ . 
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The conncct/Ylg-tuIic with a tap /allows the gas to pass ou 
of the opening C, afttfr it has first hccy washed in a water 
vessel. Often there is a plain outlet just above the tap j 
The outlet is‘connected with a long india-rubber tube, bj 
means of which the gas can be conducted to a distance. Tin 
tube G serves fijr running sulphuric acid from 15 to A 'it cai 
only run in if some gas is allowed to escape by opening tin 
tap /; and thus a continuous current of 'gas is obtained. Tin 
openings D, K, .wul F serve for intnxlucing acid and zinc, anc 
for running off the solution of zinc sulpliate. ' 

The second part of the apparatus, which is shown it 
Fig. l 08 , is simply a portable smith’s bellows of cytindrica 
shape, the lever of which, o <i r, a boy works with his loot. Tin 
air is forced through the valve 11 from (' to the closed air-vessc 
II, and e.scapes thrrtugh the opening A likewi.se connected will 
a long elastic tube. The tw'o lubes are united b\' a blow'pijte 
Fig. 1O9; and the mi.'cture is ignited, liach limb of the blow 

11^ 

jf > 


fir,. [69. 

pipe is provided with a stopcock, by turning which the plumbe 
may admit more air or hydrogen at will, and thus can produo 
a flame of any size, w hich, however, must nevbr be an o.xidisinj 
one. “ o- 

The mouthpiece of the bhnvpipe itself is .sometimes con 
nected with the fork-shaped piede by a short elastic tube, t( 
make it more mobile. Besides the ordinary mouthpiece, end 
In^ in an aperture of about of an inch diameter, the plumbe 
also Carrie’s another, provided with a small brass shield, to obtaii 
a steady flame in windy weather. The gases unite only im 
mediately before escaping; and thus the flame cannot striki 
back, lly* means of this machine a pointed and very ho 
hydrogen flame is prodticed, which, at the place where it touches 
melts the lead immediately dowp to a certalh depth; and thi 
art bf bufnijjg^ consists in touching apd melting parts of tw< 
sheets a( the same time, which, dn cooling, solidify’to a whole. 
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The hurtling itself is a kind of work requiring ilfuch practice, 
because the plumber must not allow thejlanie to act a moment 
too short or too long. If he does the former, the fusion is not 
perfect and the .seam is not tight; if the latter, he burns a hole 
in the lead. Wherever it is possible, one sheet is laid about 
2 in. ove{ the edge of the other, as shown ii^ Fig. 170. The 


h 
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seam is imule with the help of a strip of lead, about i; by j in. 
thick, w/iich the plumber holds in one hand whilst he guides the 
blowpi|)e with the other, lie works in this way : — lie touches 
with the flame the place a (Fig. 170), where the edge of one 
sheet lies upon the other, so that the surface of the lead (previ¬ 
ously .scraped clean) just melts, but the back pait of the lead 
does not melt. At the same tinu: he holds the above-mentioned 
strip in the flame, so that ilio|)S fall from it on to the just-melted 
part of the sheets, and the whole is united into a .seam, all 
fusing together into one mass. By a slight motion of the wrist 
the, plumber removes the flame for a moment, and the lead, 
which has only'just been melted, at once solidifies; in another 
second the flame is again directed upon the lead, and a new 
drop flows partly over the first one; so that at last the whole 
scam takes the shape shown in big. 171. 


» 



Fig. 171. 


Although all tWs is much njore easily described than carried 
out successfully, still the burning of horizontal seams is learned 
in a comparatively short time, and cap be done very quickly by 

• 2 Q 



600 CffNSTHUCIlON QF THE LEAD CHAMBERS 


a practised ^orkn^n. In windy weather it is certainly much 
more difficult, and in rjiny weather it is not possible at all. 

The burning of perpendicular (upright) joints is much more 
difficult, and, aven in the hands of the most experienced work¬ 
men, takes at least three times as long for the same length of 
seam as horizontal burning, without ever being as strong as the 
latter. This is easily understood; for the melted lead, which 
quietly remains lying on a horizontal slieet, in upright burning 
at once runs do\yi; and this can be prevented only in one way : 
the lead must be heated exactly up t<» the melting-point, and 
the flame instantly removed till the seam has solidified ; and 
the burning must always be done from the^bottom up\*artls, so 
that to a certain extent the seam will retain the drops of lead. 
In this case not much use can be made of strips of lead for 
strengthening the .seam. 

A practised plumber can burn as much as lo ft. upright or 
25 ft. horizontal joints in an hour; but such figures are only 
reached in piecework. 

Recently the burning of lead has frequently been effected 
by a pure oxyhydrogen Jianie, both oxygen and hydrogen being 
applied in the compressed .state, contained in steel cylinders. 
The burning in this way is done much more raju'dly. Suitable 
burners are sold by the Sauerstoff Kabrik, Berlin, O. 

Waler-gas can be em[)loycd for lead-soldering without a blast 
of air (or oxygen), but its poisonous properties must not be 
forgotten. 

The dangers caused to the workmen by flie employment of 
materials containing arsenic in the soldering of lead are dfsaia sed 
by myself on the ground of experiments made by R. Robertson 
{Chem. Zeit., 1904, p. 1169). He^ives the data for calculatin*g 
the total As.;0.,, corresponding to the arsenic contained in thsc 
“sthic and sulphuric acid consumed in a day’s* work of a lead- 
soldercr, .-ft 0141 g. per diem. It is stated that acute symptoms 
of poisoning are caused by a quantity of 0 078 g. A-s^O, per 
diem being taken up by a man, which (fannot possibly be the 
case if the Total arsenious acid getting into the air of the work¬ 
shops is but 0141 g.* Hence a danger from this source is 
practically excluded, but more fjar might bft entertained con¬ 
cerning the arsenic contained in the dust collecting in certain 
places. This'danger shopld be avoided by fretjuent renewal 
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;of the air and avoidance of collections of dust in file workshop. 
jThere should also be a prescription for eaiploying sound rubber 
i tubing for the gas, to avoid leakages. The safest way of remov- 
? ing the .AsH., is proper washing of the hydrogen, which is elTected 
by a 5 per cent, solution of potassium permanganate, more 
completely than by cupric sulphate. I greatly recommend 
electrolytic hydrogen for the burning of lead. 

The Griesheim C'hemictil Go. sells cIcitiolytiL 
compressed to 150 atmospheres ttnd sent out, in iron bottles, 
for the purpose of burTiing lead among others. As pointed 
out by E. Wiss in c 7 /<-w. /;/</., 1905, pp. 3;5-,t78, the use of this 
compre.^ed hydrog*n not merely prevents all and any danger 
from ar.senic, but is also very much cheaper tluin the evolution 
from zinc and sulphuric aciti. 1 he hydrogen is burned without 
having recourse to compressed air h)' means of special burners, 
supplied by the Griesheim Co. 

7 A’ mni' d/ i-yec/inL; a h-ad i /iaiiihrr in Ivngland is usnall)’ as 
follows :—The coinmenceinent is made with the sides, for which 
the sheets are marie as wide as possible (most lead rolling mills 
supply them up to 7 ft. 9 in., some evmi wirier), anri so long that 
they extend 4 in. beyontl the height of the chamber, of course 
taking into account that true side of the chamber is a foot Irigher 
than the other. Si.\ inches are rtrckonetl trr turn over the crrnvn- 
tree; but 2 in. are saved at the bottom, because the lead after¬ 
wards expands by the heat of the chandjer. 

Now, t)n the wooden floor before mentioned a wrKirlen table 
(the “sheet-board*’) is constructed, helrl together at the back 
Jjv,t)atte1is, but rjuite smrroth on the upper surface. It has the 
width of two or three sheets of lead (that is, 15 ft. 6 in , or 23 
ft. 3 in.) anrl the height rrf tht chamber—which, of course, can 
aonly be done whr^n (as is generally the case) the chamber is at 
least as wide as it is high. On this table the sheets of lead ai*e’ 
rolled out flat, placed side by side, sr) that one rjverlajrs the 
other by 2 in., and burned together, at the .same time all the 
straps (of which wc shall speak directly) arc burnt to tjie lead, 
which can be done because the upper surface will afterwards be 
the outer one. The upper edge is bent round the sheet-baard, 
w as to hold it fa^t; and wheat everything is finished this end 
is wound up by a set of pyllyys, .so that the sheet-boyref is raised 
tc^ether with Ihe sheets of lead*, anck^lies flat against one side 
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of the c/iambcr-frafte. Now the upper edge of the lead is at 
once bent over the cn^vn-trec and nailcjl down, as W'cll as all 
the straps. For this purpose no cut or wire nails must be used, 
but wrought-ifon nails with broad heads (“ plate-nails ”), about 
in, long, who.se heads arc jjrotccted against the acid by 
dipping them a,few at a time into melted lead. When the 
lead has been completely fastened to the frame, the sheet-board 
is lowered down, moved forward its own width, and another 
piece of the cli:tmber-side made upon it, till in this way the 
chamber-sides and ends have been finished all round. Only 
in the corners it is preferable to use single sheets, which form 
a rounded corner: this is much stronger flian a shafp edge. 

1 he object of the de.scribed process is this, to reduce the upright 
burning to a minimum. It is much better than the former 
plan of hoisting up each single sheet, turning its margin over 
the crown-tree, and unrolling the sheet by its own weight. In 
this case every single .sheet had to be joined to its neighbour by 
upright burning, and the straps had to be burnt on in an equally 
inconvenient manner. If at all possible, the seams ought not 
to be behind the upright.s, so as to be better accessible for 
repairs; and for this reason also it is to be recommended to 
make the chamber-frame as shown in Figs, 163, 164, or 175, 
where the uprights do not touch the lead at all. ^ 

The s/ni/’x of tlto suits must be arranged according to the 
style of the fiame. If this consists only of iqirights mortised 
into the crown- and sole-trees, without any cross rails, the straps 
are made of perpendicular pieces of lead naifed sideways to the 
uprights with five leaded nails each. The strap ought taJja- 
long enough to turn over the edge of the upright, so that tvyo 
of the nails come to the front’(Fig, 172, upper part). Such 
^straps are placed alternately on one and on jhe other side eff 
the uprigjit, one about every 4 ft. 1 hesc straps do not allow 
the chamber-lead to follow the changes of temperature by 
extension or contraction. This easily l^ads to deformation of 
the sid06 4iid tearing off of the straps; and it is therefore better 
to avoUl thi.s, which caji be done by nailing down only the top 
strafi in the just-described way. Instead of the lower straps, 
longer pieces of lead are burnt* to each siSe of the upright^ 
which mect<ion its front, and a^re th^'re joined by rabbeting {see 
Fig. 172, lower part, anj^ Fig. 173)- There are no nails used 
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¥here, so that the lead walls may move up and dowli the upright, 
. whilst at the same time they are all the ^lore stilTened by being 



i 


Fig. 172. 

hehl fast in two places. This kind of fastening the lead-.shcets 
to the Hjrright.s, of course, takes more lead and labour than 
simple straps. In e:»ch case tlie straps are about S in. in depth. 



Fig. 17.? 



I. 


Fig. 175. 


The object of keeping the lead clear of the wood, and of 
giving it scope for expanfling, k wc;ll attained in* the form of 
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strap shown Fig*;. 174 and 175. The upright a is placed with 
one of its edges pointing towards the chamber. The strap b 
turns round the edge of (?,and is fastenecT to it, not by ordinary 
nails, but by a.broad-hcadcd pin, c, which passes through a slit 
2 in. in height. This arrangement allows the strap to work up 
and down as the^chamber-side c.vpands and contracts. 

If the frame is provided with horizontal cross rails, only a 
few upright straps arc used—sometime.s none, only horizontal 
straps, turncfl down over the rail, and nailed to it (Fig. 176), two 
of 6 in. length for each rail. This kirtd of straps protects the 



chamber-sides much belter against deformation than the upright 
straps, and carries the weight Better upon the frame (this is 
confirmed by information from Stolberg in 1902); it also 
■permits the lead to be kept further apart from the wood, since 
the .stra|js may leave about J in. (not more) space between the 
lead and the rails. The diagram shows this. 

The. chamber-sides can also (as at ^he Thann Works) be 
made of horizontally disposed sheets of lead. The overlap in 
thisscase is nailed to the horizontal cross rails in lieu of .straps, 
as shown in Fig. 177 ; but first tlje whole height of the chamber- 
sid^ is firtii^cd, the whole is rolled ^upon a wooden roller, and 
allowed to unwind itself«by its own weight frofti the top. In 



STRAP^ 


606 


this way there is not so much pul! upon jhc srftims as if the 
chamber were made of sheets hanginj^ down by their length, 
since each sheet is sup|)ortcd just in 
the place where there ivould be a pull, 
rhis plan, indeed, seems to be worthy of 
general recommendation ; for it saves 
the lead and labour of all the straps, 
and supports the chamber very well. 

At least as sub.stantial is the plan 
used at Aussig, XTiere are no side- 
straps :it all ; but to each upright of 
the frame corresponds a strip of lead 
burnt to the chamber-side along its 
whole height, the la|) being turned 
<nitside. This is naile<l sidewiiystothc 
upright. Between this and the lead 
there is a wooden lath, to increase the 
contact of air with the chamber-lead 
as much as possible, big. 178 shows 
this in horizontal section. 


o.‘ 

■- "'6 ' '■ b. t.. 

Fig. 177. 

Mr licnkcr a.stribes great advantages to h\^pcrfir<ilt-<isirups, 
shown ^in Fig.s. 179 to 181. Fig. 179 is a plan, showing the 
cflamber-side u, the uprights b, the cross-bars c, the small 
tvooden bars </, and the strafjs c. The same parts are seen in 
vertical section in Fig. 180. The chamber-lead is ke[)t 2 or 2.1 
in. apart from the cross-bars; the perforations of the stra^re 
(which may extend the whole width of the cro.ss-bar3( as in Fig. 
181) cause a strong current of air to rise upwards and cool the 
lead, without allowing*any quantity of dust to accumulate on the 
strap.s, This system is especially recommended for ?hambers 
which are driven hard for the “high-pressure style" wf^work 
(v. infra). « 

In the first-described case* now generally used ig Enjifland, 
at first only about a yar<]<)f thewseams is burned, aTid that at the 



178. 
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top, so that t^c chamber can be covered in and the remainder 
can be done at leisiue in bad weather. The next thing, 
therefore, is the chnwHer-top. For this Ve need a temporary 



scaffolding, movable on wooden rollers, made of high trestles 
joined together at the top, equal in height And width to the 
chatt^ber, qnd in length to at lea.s't two (or, better, three) .sheets 
of lend. ThPi scaffold is put togethef w ithin the chamber itself. 
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its separate parts being got in by bending tack dfie of the side 
sheets. It is covered on the top with a flooring of boards; and 
upon this the sheets serving for the chamber-top arc flattened 
out. These are a little wider than the chamber, so that they 
project 3 in. on each side. Thus they do not project quite as 
far as the overlap of the side sheets (6 in.), a^itl there remain.s 
a joint suitable for burning (Fig. 182, </), which is made very 
strong. Now the sheets themselves are joined b}' burning, and 
all the top straps are burnt on. The latter, in lutgland, .serve 
for fi.'iing the chamber-tvip from above to the top joists carrying 
it. The latter, for a chamber 20 to 26 ft. wide, are 3 to in. 
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^hi^k jand to to 12 in. high, and arc placed at distances of 14 to 
18 in. from centre to centre. Their length is at least sufficient 
to reach to the outside of the'crown-trees ; it is better if they 
jcven project a little beyond, to bave a good support. The 
■straps themselves' are made 7 in. .square, and stand alternately 
on both sides of the top joists, about 3 ft. ajiart on each side. 
At some works there are fewer but longer .strap.s. They are 
bent up and nailed to tnc top joi.sts, laid above them on edge, 
with five leaded nails each. When all this has been done, the 
top joi.st.s, by the help of the straps, carry the lead of 1 the 
chamber-top, and'the joists [them.selvcs rest upon the side 
frames, but separated from them by the overlap of tjiechamber- 
sides. The jcJ!.st.s should '’be wtll e'ear of the chamber-top 
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(farther than**i.s shown in the figure), so that air can circulate 
between lead and woofl. 

The top joists are protected from canting over by a few 
boards nailed, across them, which at the same time serve as a 
passage*)!) the chamber-top. Where the chambers are roofed 
in, sometimes lojigitudiiial sleepers are laid on the top, joined 
to the top joists by iron clamps, and the whole is suspended 
from the timber of the roof, which must be made strong enough 
for this purposj; but it should not be overlooked that even 
in the case of roofed-in chambers it is safer to keep the 
chamber-top independent of any movement of the roof 
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Where the chamber is too wide for emptoying single cross 
joists, two lengths of these must be joined together and t(uj|ed 
according to the rules of carpentry ; in this case trussed girders 
may run across the width of the8;hamber, and the proper joists, 
to which the top lead is fastened by straps, running parallel 
tVith the long sides of the chambers; they are either mortised 
into the girders, or (which is the stronger plan) they rest in 
cast-iron shoes bolted to the girders. This, however, is only 
require^ for chambers standing in the ffpen air; it is not very 
convenient, as the side frames have to be weighted very much. 
Suah wide chambers, ."Is we shall see below, have not altogether 
turned out well. < 

'Quits (|jfferent from the just-described chamber-tops are 
those found in many coniinental worts. There'are no wooden 
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top joists, but, in the place of these, thin iron rotfs about J in. 
thick, fastened to the chamber-top by ajeacl covering burnt on 
each side to the chamber-lead. These horizontal rods them¬ 
selves are suspended from the roofing by mcaiis of j-in. rods 
placed at short distances from each other. This .systein cannot 
be employed for chambers standing in the opt^i air, as it makes 
the chamber-top dependent upon the beams of the roof; it is 
shown in Fig. 183. • 

Another system, which may or may not b^ connected with 
the roofing, is the follcAving (Fig. i8.|):—The chamber-side a 
is carried somewhat higher up, and bends round an iron rod, />, 
I in. thick, the part»coming back over the iron beitig burnt to 
the other lead. Here and tliere holes are left for the passage 
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of the iron hooks c, which arc bolted to strong Joists, r/. The 
latter may form ^rart of the ro( 3 f, or they may be sup()orted 
,£ujte,intlependcntly on the crown-tree c. The straps//hold 
ujj the chamberand prevent it from -sagging; the clear space 
between ^ and ci is about 8 in.’ The object of this arrangement 
'<5 to prevent all contact between lead and wood even at the top 
edges of the chambers. 

At the Grie.sheim works, in Germany, the following very 
rational plan of erecting lead chambers is followed:—On a 
staging of the whole arfea of the chamber-bottom, but raised over 
its top, first the chamber-ends are made; over these, without 
removing the end^, the chamber-sides are made, first one, then 
the other, and last of all the sl^eets composing the top are laid 
down and burnt together. ^ Thus ultimately five l^ye.'s of lead 
are lying on the staging one above another. Then the top 
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straps arc biAnt oe and arc joined to the top joists, which are 
put in their respective places. The whole lead-work is now 
hung from six differential pulleys, and the staging is removed. 
As this is. done, the ends and sides drop down into their 
pl,icc,s, and need oidy be joined in the corners, where they are 
bent in at an <^btuse angle. This mode of procedure causes 
nearly all the burning to be horizontal, so that the work is done 
more quickly, cheaply, and substanti:dly< 

The chatnbcr-hottoni is left to the last; and it happens no 
doubt very rarely (in England probably never) that, according 
to older prescripti()ns, the bottom is laid tlown first and pro¬ 
tected by straw and boards while the remayidcr of the chamber 
is being made. It is, on the contrary, made last of all, but not 
always in the same w;iy. In some works the side sheets are 
burned to it all round, and openings arc left in a few places for 
drawing off the acid, for taking samples, etc. In the majority 
of works the bottom is independent of the sides, ami forms an 
enormous tank with turned-up side.s, into which the chamber- 
sides hang down,dipping into the bottom-acid, and thus forming 
a h)’draulic joint. This allows the chamber-sides to expand 
and contract with the temperature, ,'ind also makes tlie bottom- 
acid accessible from all sides, so that it is generally pre¬ 
ferred in spite of the larger expenditure of lead ; but a good 
many works have adopteil the first-mentioned plan of making 
the chamber as a closed box, which .saves both lead and the 
trouble unavoidably connected with the second sy.stem. Often 
the u[).stand, or "lag,” which should not be IcAs than 14 in. high, 
so as to afford a good deal of room for acid, is made from a 
narrow sheet of lead of double width, by bending up one half 
and leaving the other half to fo»m a portion of the chamber- 
bottom ; the latter is then finished by burning it together with^ 
•(Jther sheets of le.ad. This is more convenient for the plumber 
than takfhg sheets equal in length to the width of the chamber, 
phis the height of the upstand on each side. The latter must 
not be Jeft loose, Irccause it would be ffasily deformed out by 
the side pressure of the acid; to prevent this, a i-in. board 
is placed all round tlft chamfer-floor, over the edge of which 
the upstand is turned round and nailed domi. This is shown 
in Pig. 185., Instead of a solid board, it is preferable to employ 
merely a number of peyrencHcular'or horizontal rails, which 
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admit the cooling-action of the air upon the Jcacf. *’ At Stolberg 
the “ lag ’’ is made up^to 2 ft. 6 in. high, *vith a correspondingly 
strong plank to resist the side pressure of the acid. 

In some works the bottom is divided into 2, 3^ or 4 parts by 
partitions, reaching up to the whole height of the upstand. The 
object of this is, not to be obliged to empty th<; whole chamber 
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in case of repairs; but it is very rarely done, as this arrange¬ 
ment prevents a free circulation of the acid, and as the bottom 
anyhow mostly suffers less than any other part of the chamber 
excepting through gross neglect, by the formation of nitric 
acid, which ought ^ be avoided in any case. ‘ 

Falding (Min. Ind., vii. pp. 679 ct se</.) gives details of 
chamber construction whi^ refer to the usual Engtish plan, 
mostly followeci in America as Veil.* Fig. 186 shows part of 
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the chambcr-liicle in elevation. The pillars (posts), a a, are of 
14x14 in. wood ; corbals, /; 1^, 14 x 14 X 5 h'-; stringers, c, 14 X 14 
in.; joists, rf, 3 x 15 in., 16 in. centre to centre, 3x2 in. herring- 
bonc-strutting>; gangway-floor, e, with 2x12 in. joists. Of the 
chamber-frame itself, the sill /is 6x 10 in., with a dowel-pin at 
each post and ,toe-nail to each intermediate upright. The 
strong uprights (po.sts),6x6 in., 13 ft. 9 in. from centre to 
centre ; the intermediates,/;/’,6 x 2 in., 33111. centres ; the bracing, 
; /, 6 X 2 in., witlj lag-.screw to each post and spike to each inter¬ 
mediate. Crown-tree, /’, 6x 10 in., witlt lag-screw at each post 



* * ' 

and toe-nail to each intermediate upright. Top joists,//,3X 15 
in., 14 in. centres, with three Ifties of solid 2X12 in. board- 
abridging. big. 1.S7 represents a portion of^ chamber-ceiling,^ 
sben froin above, and big. iiSiS the same in .sectional elevation 
on a larger scale, which clearly shows how the chamber-lead wt 
at the top is joined to the sides and turned over the crown k, 
and hoiv the straps 0 0 (24 in. centre)*suspend the top from 
joists //. Fig. 189 makes this clearer by a side elevation, and 
Fig.'190 shows the way the straps are cut frop a strip of rolled 
gives a plan-section of a chamber-corner, and 
Fig. 192 a sectional elevation of th^ jower part of a chamberi,^- 
showing how the straps r a^'e fastened to the uprights^, A, 
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and how the* lead *itlc m and the saucer / stand ofT. Lastly, 
Fig. 193 shows how th» up.stand p of the^saucer is turned over 
ledge i (2 X I in.) and held at the bottom by another strip, I 
(3x2 ill.), spoked to the sill. 

Special ll''aj'S of building Vitnol-Chambers. ^ 

As the side-walls of the chambers, in consequence of the 
variations of tem[)crature,gradually chaiTge their form, Petersen 
and Ising (Ger. J*. 21872C) make them movable by suspending 
them on bearings which can slide alflng the chamber-frame. 
This allows the changes caused by variations of temperature to 
take place without any ilcforniation of the l*ad. 

Guttmann (/. Soc. Chun. Ind., 1908, p. O67) describes the 
way in which a new chamber of 40 ft. height was built. 
Horizontal wooden beams arc suspended by means of iron rods, 
and can be levelled by adjusting the nuts provided. 1 he whole 
40 ft. length of fi-lb. lead (3 mm.) is suspended in two places 
only in the following manner: An iron rod, 1 in. diameter, is 
laid horizontally against the lead and held in place by means of 
.strap.s. A double hook, made of .[ in. round iron, grips the 
iron rod at one end, whilst the other end is hung on the wooden 
beam, where it is hammered flat and nailed down. The hooks 
arc spaced 20 in. apart, so that only ;ibout 2 cwt. of lead are 
supported by each hook. This construction is both simple and 
cheap. I'he lead is free to e.xpand, and the hooks being elastic, 
there is no unc(|ual strain, as is generally the case with straps. 
The side of the chamber hangs down practiJally like a curtain, 
and yields even to wind pressure, while it docs not ljugjcle. 
Such a chamber must be homsed, as it would scarcely stand in 
the open, especially if exposed td strong winds. 

Rene Moritz (P. P. 11123 of 1909 ; Amer. P. 981103 ; Fr. P. 
■ J95694 ; Ger. P. 235800) omits the supports of !he lead chambers, 
substituting suspension therefor. 11 is system is described in 
Client. Trade /, 1911, vol. xlix. pp. 493 et seq. It was first 
introduced in Northern P'rance by th? Soc. anon, des litabl. 
Eyken et Leroy, then at other works in France, Belgium, and 
at the’“ Union ” Chcrflical Works at Elberft^. The chambers 
are supported by a strong skeleton of iron, with a tile roof 
anJ outsidf. walls built of bricks .laid edgewise, wdthout any 
windows, light being admitted by glass panels in the roof. 
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ilany ventilating openings are provided, for •cooling the 
hamber-lead. This is suspended by,iron rods from the 
‘-girders overhead. .'Tiong the walls, at distances of 31-5 in., 
ertical flaps are soldered on ; through these light iron rods, 
ound or flat, pass and arc connected above with the pendant 
upports, while below they arc attached by means of spring 
ooks to tfie upturned edge of the chamber floor. They give 
ribbed appearance to, the chamber and increase the cooling 
urface. While imparting a certain amount of rigidity, they 
ermit of free play for ordinary contract*on. Numerous 
orizontal connections are made with the skeleton framework 
Dy means of iron rojs. The top of the chamber is constructed 
on a similar principle. All exposed iron parts are protected 
from corrosion by a special paint. The chamber to|) is made 
in the form of a semicylinder, to prevent the accumulation 
of dust. 1 he lead floor rests upon an under floor of iron plate, 
>197 in. thick, which is sup|)orted b)’ brick or wood or cement 
:olumns, 8 ft. high. In all ca.ses the upturned edge of the floor 
:onsists of iron plate, bent underneath to a distance of 9-8 in., 
thus securing a most rapid cooling of that jrart of the chamber 
vherc corrosion is most pronounced. An identical method 
s used in supporting the lead mantles of the Glover and Gay- 
Lussac towers. The rounded tops of the chambers produces a 
nore rapid cooling and closer approach to uniformity of 
emperature. 'I'hc coSt of construction per unit of cubic 
:hamber space is higher than by the old system, but it is 
laimed that the rrfte of production of acid is much larger and 
1'*^ Jjousiwnption of nitric acid much less, while there is great 
economy in the matter of repairing or rebuilding the chambers. 
ATi illustrated description of the “ Moritz” sy.stem .is given by 
Jlarth in Z. angew. Chevi., 1909, pp. 1937 <•/ snj.; cf. also 1911, 
p. 1446. 

Klippert {Chem. Zeit., 1911, p. 649) reports‘that at 
Stolzenhagen two chamber systems have been erected according 
to the " Moritz ” system^ they cost £2100 more (for an annual 
production of 12,500 tons acid) than wooden structures, but 
this extra cost is considered to be comperrsated by the leSsejied 
danger of fire. Th e same author expresses himself in a similar 
way in Z. angew. Chem., 19 ti, pp. 1345 et seq. 

Buildings for containing *Acid-Chan\pers. —In England, where 
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the winters 4re nc>t severe, lead chambers are hardly ever placed 
in a roofed shed, but ^re only built so that the rain-water can 
run off as described above. Hut even tTien the space between 
each two chambers must be covered by a light roof, and the 
whole set must be surrounded by a wooden shed, because a gale 
might tear the lead off the frames, or even throw down a 
chamber altogether. These wooden houses have windows or 
Venetian blinds, changed according to the wind. In windy 
places they are always erected first, as soon as the foundations 
and the frame arc fini.shed, but before the lead has been 
fastened to the latter, because during the building the in¬ 
complete chamber is even more exposed t* being thrown down 
by a gale than after completion. 

Thus the chamber tops are exposed in England to the heat 
of the sun in summer and to the snow in winter; this is possible, 
bccau.se neither of them occurs to an exce.ssive degree. In the 
less windy places even the chamber sides are sometimes left 
without protection against the weather, but never so in 
well-arranged works. (In November 1911, the vitriol-chambers 
of the Great Lever Chemical Works at Holton were utterly 
wrecked by a heavy gale, although protected on one side by a 
wind-.screen.) In the .south of France, on the other hand, the 
chamber tops arc alw,ays |)rotected against the sun and the rain 
by a roof; but the sides are generally exposed, which, on 
account of the heat of the sun there, is certainly very wrong. 
In the north of F'rance, in Hclgium, and in Germany the 
chambers are always completely enclosed in buildings, usually 
of a very light construction, and it must be said that thi^wjpuld 
be decidedly preferable also in the English climate. 

Niedenfiihr recommends pltcing the chambers on brick 
pillars, and filling up the spaces between the.se on the outsida 
with a light wall. The chamber sides are "surrounded by a 
wooden shed and a light roof, employing roofing-felt as a cover 
for this. He reckons a square foot of such a building, 
including the chamber-frame, to cost fr«m 3s. to 4s. 6d. 

Hartmann and Benker angew. Chem., 1906, p. 136), in 
or^er • to keep the ohambers as cool as possible, make the 
framework without horizontal rails, and suspend the chamber 
topa and,sides by means of straps hung on iron rods. The 
passages between the chtpnbeis are*made of op4n lattice-work> 
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and a roof-rider on the top produces a consRint draught of air 
along the chamber sid^s. 

Reneu'al of the Chaiiibers .—The greatest wear and tear is 
experienced in the first chamber, more especially at the front 
end, and, as some assert, even more so at the bach end and the 
immediately adjoining parts of the sides, rfience the first 
(leading) chamber is often made of stronger lead than the 
others. Besides, it mifst be noticed that ane angular parts of 
a chamber wear out more quickly than the ngmd or straight 
portion.s. The upright Corners arc therefore always broken or 
rounded off; but this is not easily managed with the horizontal 
top corner. Henccfat some works the)’ make the lead stronger 
in that place (p. 593). The plan of making the chamber roof 
partly slanting or semi-cylindrical (pp. 615 and 621) may do 
some good in this respect as well, as this avoids a sharp corner. 
The “ curtain,” that is the part dip|)ing in the acid, and alter¬ 
nately subjected to this and to the action of the air, is also 
liable to quicker wear. There is general agreement on the 
point that any part of a chamber which gets hotter than the 
remainder will wear out much more quicki)'; :ind this should 
be guarded against in the construction of the chamber-frame 
{suprh, pp. 590, 592, 603, and 605). 

We have constantly laid stress on the fact that the lead 
should be clear of the woodwork at all possible points, both 
bccau.se it is thus longer prc.scrved by the cooling action of the 
air, and because it is thus accessible to the plumber. But this 
condition can, of course, be realised only for the sides and top, 
not^ot tfie bottom. P'ortunately the latter suffers least, being 
protected by the acid itself and by a layer of sulphate of lead. 
If, however, a leak occurs here* after all, it is very awkward to 
*epair. Sometimes this can be done by measuring its distance 
from the sides, cutting a hole in the chamber top and dropping 
down a bucketful of plaster of Paris or, preferably, of a mixture 
of fresh and burnt pyrites-dust, which quickly hardens into a 
cake and may stop th^ leak for years. But if this, does not 
succeed, there is nothing left but to stop and empty the chjtmber, 
and to enter through the manhole in order to get at the bottom. 

A chamber will last very nvjch longer if the frame is sj,ib- 
stantially made, and the .straps are well burnt on •an?! nailed 
down and numerous enough so thSt they will not be readily torn 
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off. Should'this Ifappcn, tlic ini.schicT niii.st be repaired at once; 
nowhere does the sayifi}' come more tru^' “that a stitch in time 
saves nine.’’ If the repair is put off too Ion<;, tile chamber-lead, 
pulled by its ftwii weight, wrinkles ii rej;ularl)', ami the chamber 
becomes unfit for work much ton soon. lis|ieciall)' those parts 
of the frame wlirich are most exposed to the action of the acid 
must be carefully looked after, and, in case of need, repaired at 
once, before the lead sides dc|)ei\(lent M[1on tin in have lost their 
support and have coll.ipsed. I'his is most necessary at the 
junctions of connectine-)ilpes, at the ‘places where the acid is 
siphoned off, etc. The wiml must also be kept off, and any 
loo.se pieces in the bratticino round and bAween the chambers 
promptly put ritjht ; a jtale of wind may tear off the straps of 
a whole chamber side at once, or force the frame to one side 
(r'/i p. 6l(i), 'Idle itaneway round the chambers onoht to be 
wide enou”h (sa)' 5 ft.) to admit of ea.sy control and repair. 

It used to be reckoned that with 6-lb. lead in normal 
circumstances a chamber would oenerall)’ last from ei^ht to 
ten year.s, but re(|uirine many repairs during the latter years. 
Hut since the art of building;, and more particularly of 
managing, vitriol-chambers has become better understood, they 
have been made to continue much Ioniser in use. On the 
Continent, where they are not (or formerl)' were not) so much 
strained as is frerpiently the case in Kngland, vitriol-chambers 
generally last much longer than the above term, viz., twenty or 
even thirty year.s; but in Kngland as well this is found to be 
the case at some works w’herc the chambers are built with more 
regard to durabilit)- than to economy in first cost. ‘ » k . 

There is no doubt whatever that, all other things be^g 
equal, a chamber lasts longer in proportion as it is less heated; 

_ Jt is not so much the heat it.self, but the inten.sity of the chemic^ 
reaction^ going on within the chamber.s, which produces the 
heat, and moreover the increase of the action of all chemicals 
by the elevation of temperature brings about the same result 
It is only another way of staling this fact, if we say that a 
chamjjer lasts all the^less time the more nitre is sent into it ' 
an^ the more acid is made in it. f 

„ In the case of chambers wiithout a roof the top generally 
wears dutr first, after this the par/s. dipping into the bottom- 
acid and the ends; the*’ bottom remains good* up to the last. 
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unless nitric acid gets to it, which most easily happens in the 
last chamber, if its strength is allowed to,run down too much. 

When a chamber reejuires so nuich repairing and patching 
that it does not seem likel)' to pay, and when, after all, the 
escape of the gas from the too numerous chinks and rents can 
no longer be kept down, it is very bad econoijiy not to pull it 
down at once ; for the yield of acid must fall off very much. In 
this case a temporary connection is made between the two 
apparatus on either side of it, the acid co?itained in the chamber 
is worked down as long as it will run, a hole is cut into its side, 
and men provided with india-rubber b(x)ts are sent in to shovel 
up the ;;/«(/lying a¥the bottom into a heap, from which a good 
deal of acid is still obtained by draining, I'hc mud must now 
be removed ; if the space underneath is free, a receptacle is 
formed by low banks of clay, a hole is cut in the chamber 
bottom, and the mud pushed down. If this is not possible, it 
must be removed in a much more trouble.some manner, by 
thickening it with sawdust and washing with water. In either 
case it is dried in a reverberator)- furnace, sometimes with the 
addition of a little lime in order to prevent the escape of acid 
vapours. Notwithstanding this, the operation usually causes 
a very disagreeable stench, probabl)- owing to arsenic, selenium, 
etc. The dried mud, princijrally consisting of lead sulphate, is 
cither smelted for lead in a small cupola heated by coke, or 
simply sold to the lead-workers. 

After taking out the lead-mud, the chamber lead is detached 
from the frame, afid any better-preserved whole pieces rolled 
up^r,u^ as sheet-lead; the others are melted in an iron pan, 
the dros.s is scummed off, and the lead cast in the usual jjig- 
moulds; at the lead-rolling iflills this lead is much liked for 
•other chemical purposes {s<r p. 595). Including the pig-lead, 
the dross, and the lead sulphate, usually nine-tenths or upwards* 
of the original weight of the chamber is recovered; the 
remainder has di.sappearcd in one shape or another with the 
acid made. • 

If the frame has been substantially made, it .stands a second, 
sometimes a third^kad chamber, with a tew repairs, pulling in 
odd beams, etc. Of course, in^casc of any doubt, it would be 
extremely bad economy to run the risk of having to std^ a 
chamber becauSe its frame would hot hold out as long as the lead. 
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Mr G. K.* Davis has sent me the following observations :— 
A set of three chaml^-rs (20X i8x 120 ft.) had been at work 
at high pressure for seven years, when the first two chambers 
were [)iille(l down. They were built of 7-lb. lead ; at the end 
of the time the weight of the top lead was still between 5 and 
6 lb, that of tl^e bottom between 2 and 3 lb, the sides were 
almost nil. In the first chamber sulphate of lead equal to 
19 tons metallic lead was found, in the second 16 tons metallic 
lead. The chamber top had not been repaired all this time, the 
sides had had new lead all round, aifd the bottom had been 
repaired in places. 

Special observations on the wear and teSr of lead chambers 
have also been made by liurgcmei.ster {C/ieiii. Ztit.. iScSp, p. 
■^33)' ■‘■‘•'t of two chambers was observed after twenty-three 

and threc-ipiarter years, during which time the larger chamber 
had been at work with brimstone for thirty-two months, then with 
pyrites (first VV'eslplialian, then Kio Tinto) for one hundred and 
.seventy-eight months, and had been lying idle for .seventy-five 
months. The thickness of the lead was originally 2-57 mm., at 
the end of the period on an average only 1-88, that is a loss of 
0 69 mm. or 26 S per cent. The part di[)|)ing into the bottom- 
acid was mo.st worn ; ne.\t to this, the places where the lead was 
double or where it was protected against cooling by the wooden 
frame, for this reason it is best to burn the joints outside, 
because the inner part of the lap-joint is then eaten away first 
without injuring the joint; if the joint is burned inside, the laj) 
is loo.se on the outside, and as soon as theinner part is eaten 
away the chamber mu.st leak. The bottom of the thain-ber, 
which is protected by the acid, suffers least. A small chamber 
which was placed between the* Glover tower and the large 
chamber, and which was kept at a higher temperature (from 
"bs " to 90 C.), had lost in one hundred atitf twenty working 
months ak much as 17-65 per cent, of the thickness of lead. 

Slidfie of Lead Chnmhors {if. also p. 614).—The shape of the 
chambers is usually that of a long box' of .square or approxi¬ 
mately square transverse .section. At some places, in order to 
savtt lead, the chambeft have been made up^o 60 ft. wide; but 
this is not to be recommended on any account. It causes 
difififcultios ig constructing the wood frame, and, what is more 
serious, the yield of acid in siJch large chambers‘is not .so good 
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as in those of ordinary shape, say between 2o and 30 ft. wide. 
This is easily understood, as in such ♦ery large sections the 
gases do not get properly mixed, and there are too few surfaces 
offered for contact and cooling {cf. Chapter VIl.)." 

For the purpose of saving lead, the chambers belonging to 
the different works of the Rhenania Chemionl Company are 
constructed in the way illustrated in Fig. 195—that is, with the 
top corners cut off, to Suit the slope of the roof. This admits 
of putting the largest possible height of chamber into a roofed 



• building; and Mr Hasenclever akso contends that the “dead 
corners” of square-.sectioned chambers are thereby avoided." 
There is also less wear and tear than in the sharp corners of 
chambers of the ordinary square section (</ p. 615)- 

The usual width ol vitriol-chambers is rarely below 20 or 
above 30 ft.; their height varies from 16 to 25 ft., or exception¬ 
ally a few feet n^ore. Their length (afways speaking oPthe 
principal chambers, not of th^ small chambers or “ tambours ” 
arranged before and beliigd these in the Frenci system) is 
rarely below ibo ft., but may attSin 200 or even 300 ft. 
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H. A. Smith, iff a pamphlet on the Chemistry of Sulphuric- 
acid Manufacture (18^3), endeavoured tp prove that the upper 
space of the vitriol-chambers did no work at all, and that 
chambers of 5, 6, or at most <S ft. in height would be most 
suitable. Ilis experiments (dc.scribed and refuted in detail in 
our first edition,<()p. 285 ct seq.) were decidedly inconclusive, and 
a practical test of his theory at the Oker works led to its entire 
rejection. ' 

In direct coijtradiction to the theory of Smith is the success 
obtained by Falding’s chambers, to be fle.scribed later on, which 
have the same horizontal dimensions as hitherto usual, but are 
very much higher. • 

E. and T. Delplace (li. 1 ’. 5058, 1890) describe an annular 
chamber, in which the gaseous current is continually changing 
its direction, owing to that shape. Siphon-shaped tubes placed 
on each side of the chamber produce a circulation and mixture 
of the ga.scs. These chambers occupy less space than the usual 
form, and are stated to produce up to 6 kg. acid of 52 ’lie. 
(~ 3'7 kg. H..SO|) per cubic metre = i lb. sulphur to 13-2 cub. ft. 
per twcnt\'-four hour.s. A few sets of this kiiul have been 
erected in I'rance and England. According to the 28//’ Alkali 
Ri'fiort, p. 55, the shape of chamber actually built differs a good 
deal from that described in the patent. According to informa¬ 
tion received from manufacturers, the production from the.se 
chambers per cubic foot does not exceed those of ordinary 
chambers. 

Th. JIftyrr's /ang'i'nfial c/nrw/ar.s (li. 1’. 18376, 1898) are also 
devised as a means for inducing a better mixture* of >t:he 
chamber-gase.s. The chambers .should have a circular pr 
polygonal section, and the gas infct-pipes be placed tangentially 
on the upper part of their sides, the outlet-pipes in the centre of' 
VTie bottom.’ This imparts a spiral motion to tlie gasc.s, rapid at 
the circumference, slower towards the centre, and thus causes 
them to travel through a greater distance and to get much 
better mixed than in ordinary chamber!. The inventor gives 
more details concerning his system in Cl/nn. Zeit., 1899, p. 296; 
Z. ftngeiv. Chem., i8^j, p. 656; and ibid., |900, p. 739. His 
system has been carried out at^ the Norddeutsche Chemische 
' The p’filcwt specific.ation spe.iks of \\\t^eiUn^, but in jinictice the gas- 
exit is placed in the centre of the chimber bottom. 
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Fabrik, Harburg, and at the Chemisohe Diingerfabrik, 
Rend-sburg. The chambers are lO m. in diameter and 8 m 
high, in a set of three, with Glover and Gay-Lussac towers. 
The draught is very good, the yield from 93-5 to 95-2 of the 
theory (291 H.,SO^ per 100 S burned); per cubic metre the 
production is from 3 66 to 3-87 kg. 1[.^S(\, witb a consumption 
of 1-34 to 1-44 nitric acid 36" 15 c. (= 10 to 107 nitrate of .soda) 
for ICX3 H.,SOj, or, .say 5 NaNO., to too S burned. 

Hess \Z. (//rrfi’K'. Chem., 1905, p. 376) produced in such 
chambers in January 6-2*kg., in August 5 kg. acid of 50' Be.; for 
100 kg. of such acid he required in January 0-43, in August 
0 64 kg. nitric acid «f 36 Be. 

[This production is good, but still inferior, not merely to 
“ high-pressure work ” with ordinary chambers, but also to that 
of .some of the German works, cf. p. 640,] 

Later on {/.. Clinii., 1900, p. 742) Meyer improved 

his chambers by arranging in the first (and hottest) chamber a 
fortj'-three lead pipes, 2 to 2I in. wide, 
suspended in water-lutes from the chamber top all round the 
‘'ircumfcrcncc and reaching 8 to 10 ft. down into the chamber, 
t hey are closed at both ends ; through their tops enter thin lead 
pipes, reaching nearly to the bottom of the larger [lipes, for 
introducing the cooling-water, as shown in Fig. 196. The whole 
offers a cooling-surfacegof 23 sq. m. (= 250 .sq. ft.), i.c. 7 per cent, 
of the heat-radiating surface of the chamber sides and ceiling. 
The water, of which 8t tons is used per day, issues at a temjjcra- 
ture of 67“' C. The heat evolved by the process of converting 
S 0 < O, ‘and H .,0 into 11 , 80 ^, as far as it goes on in that 
chamber, is calculated = 2l millions metrical heat-units per 
twenty-four hours, of which 5od,ooo are removed by the cooling- 
•water = 20 per cent. This is not .shown by the chamber ther¬ 
mometers, as the loss of heat is made up by that newly generaterr 
by the chemical process, but it is manifested by the increased 
production of sulphuric acid (according to the theories of Lunge 
and Sorel, cf. later on).* The pipes last a long time, and.can be 
immediately renewed by taking them out of the hydraulic seals. 
The hot water is uled for feeding the steam boilers. 

In Z. angew. Chem., 1902, pp. 151 et scg., I stated that the 
advantages to be realised .by Meyer’s proposals by >his own 
showing are nol very considerabli. I* is very doubtful whether 
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or equal wei^^'hts lead his tangential chambers produce any 
nore than even mocWately well-manatjed ordinary chambers, 
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This also comes out in the compari,sons made by Falding (see 
oelow). 

Til, Meyer (Ger, 1 ’. 186164) later on* patented the following 
improvement of his "tangential chambers.’’ Two or more 
tangential pipes are ‘placed in various plai|cs of the chamber 
walls, with a section reduced ,in proportion to the artificial 
increase* of, the velocity of the g^sqs produced mechanically 
J'/ir//rr’s /(t/iris/vr., njcf, p *331). Another improvement by 
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the same inventor and described in Ger. P. 326792 is made for 
the purpose of dealing with the fact thjt a stagnation of tlie 
gases takes place round the exit-pipe at bottom of the chamber. 
This is now remedied by providing a special outlet-pipe at that 
place and reintroducing the gases tangential!)- into the chamber. 

In another paper (/.. Chevi., 1901, ji. 1245), Me\-er 

acknowledges the “Lunge towers’’ as the best solution of the 
problem of bringing the misty particles floating in the chamber 
to act upon each other, and lie advi.ses to combine such inter¬ 
mediate towers with his ‘ tangential ’’ chambers. 

Th. Meyer full)’ discusses the matter in a pamphlet, Das 
i'(Uiyc)ili(i/-h'am)iii'nysti'm, jniblished at Offenbach in iyo.|, 
and reviewed in /i. <///',’■<■«'. Chem., 1904, p. 477. 

According to GuUmann (/. .SW. Chem. hid., lyot, p. 1,132), 
Meyer’s circular chambers are a great succes.s. I Ic had satisfied 
himself that they came up to the guarantee given by Meyer, 
viz., a maximum of 11-6 cub. ft. of chamber space per pound of 
sulphur charged with a maximum consumption of 2-7 lb. of nitre 
per 100 lb. of sulphur. Meyer himself angeie. Chem., 1904, 
p. 92C) and VV. Hess (Z. anyen.'. Chem., 1905, p. 376) defend 
.Me) er’s system against objections made to it by Hartmann and 
Benker {ilnd., 1904, p. 554). 

Beskow (ibid., I90<S, pp. 2312-2315) experimentally investi¬ 
gated the way in which the gases travel in Me) er’s tangential 
chambers; he found that in fact the tangential movement 
prevails in the greatest part of the chamber, both in the upper 
and the lower part'of it, nearly up the centre, whilst in circular 
chaqjbers of the same size, into which the gases were conducted 
axially, no definite direction of the movement of the ga.ses could 
be recognised. 

« According to Nemos {Z. angew. Chem., 1911, p. 392), up to 
1911, thirty-nine factories had been erected on Moyer’s tangential' 
■system. The cost of plant is rather high, on account of the 
employment of iron frames, but there are compensating 
advantages. 

Benker, according to direct communications received from 
him in 1902, employed onl)- narrow chamoer.s, say 18 to 2 C'ft. 
wide, and from 25 to 33 ft. high. Such chambers are, in the 
first instance, better adapted, for water-s()raying, big they also 
afford a better rtiixture of the gases, c.‘’pecially if the sides are 
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cooled, by employing an open bratticing for the side passages 
(2l in. laths with if in«clear spaces) and a roof-rider. The cold 
gases descending along the sides must rfse again in the centre; 
but in the caiie of very wide chambers a dead space remains 
where the velocity is very slight, and where the mist of nitrous 
vitriol sinks dovyi without acting on the gaseous constituents. 
This cannot produce “ high-prc.ssurc work ” (cf /y/ra, p. 639). 
Kenker objects to Meyer’s tangential chambers (p. 624) that 
there is no question of tangential action, that in the centre of 
thc.se circular chambers gases of very*different concentrations 
get mixed up, and that they would be too expensive if the only 
proper way was followed, viz., building i«an\' small circular 
chambers in a set. We shall later on, when dc.scribing the 
system of water-spraying, give a complete diagram of Benker’s 
chambers. 

Grosse-l.eege (tier. I’. 1622iS) de.scribes a circular chamber 
with tangential introduction of the gases, narrowed towards the 
exit-pipe for the gases, which is arranged sidcwa\'s, so that the 
gases must travel all along the walls of the chamber. .Steam- 
injectors are arranged in such manner that they send out a 
steam-jet tangentially in the direction of the gaseous current, 
liy means of a spout, surrounding the top of the chamber, with 
perforated bottom, cooling-water may be run down the outer 
surface of the chamber (X. C 'luiii., 1905, p. 1909). 

Olga Niedenliihr (tier. I’. I>' 9 ''j 4 ) describes a circular 
chamber, with spirally running solid or perforated inner 
diaphragms, which force the gases to take a similar course. 

Fromont (Ger. 1 ’. 191723) employs a circular chaiflber ;vith 
corrugated sides and inner diaphragms (B. 1 ’. 4861 of 1907; 
Fr. P. 375117). • 

F'els (Ger, P. 228696) employs as acid-chambers drums, in 
“which fans with smooth or perforated wings produce an energetic 
mixture of the gases, while nitrous vitriol runs over the bottom 
in the opposite direction. 

Guttmann (/. Soi\ Clton. hid., 1903, jf 1332) states that it had 
become usual in Fngland to prefer smaller chambers to very 
Ion?: ones, and to mak'e their height greater flian the width. 

Liittgen (Ger. P. 244402) sh^es both top and bottom of the 
chambers .semicylindrically or pol^gonally, and provides the 
bottom with holes so that it i."? kept free from afid. The gases 
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enter the chamber tangentially, and leave it in the .same way or 
centrally, but alwaj s ^opposite to the #entrancc. Thus they 
travel in a helicoiclal way, and in the end leave the chamber 
tangentially. • 

Coinhination of Chambers to Sots. 

Sometimes the whole working-space is contained in one 
chamber. Scheurer-Kcslner (Wurtz, ])ict.,i\\.,\). 147) mentions 
a single chamber of iq.2,000 cub. ft. capacity, and quotes the 
experience of different works, according to \Wiich it is quite 
unnecessary to divide 1 :hc set into several chambers. More 
frequently, however, several chambers are combined to form a 
.set, which, to begin^'ith, affords this ad vantage—that for repairs 
it is not necessar)- to stop the whole set. 

:\ great diversity <jf opinion exists as to how the single 
chambers are to be combined to form sets. Among the 
hundreds of vitriol-works very few will be exactly alike in this 
respect; and freipiently even in the same works <lifferent 
combinations are fouitd. We may, however, consider it as 
established that it is almost indifferent in which way the 
chambers arc combined, if they arc, in the first instance, 
properly built (that is, not too high or too wide); and if, secondly, 
they iiosscss a certain cubic capacity for the quantity of sulphur 
or pyrites to be consumed. Within these limits those combina¬ 
tions are best which rvquire least lead, and which are laid out 
so as to afford the greatest facility for supervision. Of course 
there is also an extreme limit to the capacity of the whole .set; 
but opinions differ upon this point also. At some works a set 
consists ?>f nine or eleven chambers of 35,000 cub. ft. each; at 
others, equally large, it is limited to three chambers of 42,500 
cub. ft. each, etc. Thus at Hebburn-on-Tyne at the time of my 
•last visit, several sets of three chambers each were employed, each 
chamber 20 ft. wide, 125 ft. long, 17 ft, high on one side, 18 fr 
on the other; each set serves for eighteen burners, burning 7 cwt. 
daily. At Gateshead there were several sets of three large 
chambers, each so arranged that two of them communicate 
separately with a set of kilns (“working-chambers”), and both 
of them were conrtected with the third chamber; the whbla»set 
had a capacity of about 200,000 cub. ft. More usually the gas 
passes through all three chambers in succession. . Vary often 
four chambers are combined, each of (them about 20x20x130 
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ft.—or five chamJ^crs, two of them working-chambers, thus, 

' ^ ^ 5,—or even .six*chambcrs, thii.s, '• •’ 5—6. 

3—4 ^ ’ ’ 2—4 •’ 


In Anieri(;a (Z. Client., 1894, p. 133) I found at one 

place a set of twelve chambers of erpial size, each 24 ft. long, 
which, it was as.serted, combined very good yield with small con- 
.sumption of nitre. At another place they had three chambers, 
Co, 50, and 40 ft. in length, with plate-columns between. 

The chamber-set de.scribed by Hascnelever 7 / 17 //. I mi., 1899, 
p. 2O) consists of two very large and two small back chambers 
of a total capacity of 7250 cb.m. — 207,orx) cub. ft. lie 
mentions the e.xistence of .sets composing 12,000 cb.m. 
= 420,000 cub. ft., which is decidedly far too much. 

At one of the most modern (jerman w<jrk.s 1 found sets con¬ 
sisting of three chambers, all of them 10 m. wide and 7 m. high ; 
the first had a length of 41, the second of 31, the third of 10 m. 
They produce 2-8 kg. If,SO, per cb.m, (equal to about 18 cub. ft. 
chamber-space per pound of sid()hur burnt in twcnt)--four hours). 

The Rhenaiiia Chemical Co. prefers throughout sets of two 
equally large chambers, follow'ed by two small back chambers 


(1902). _ 

In France it is usual to combine three chambers in a .set, 
e.Kceptionally four or five. The total capacity of a set hardly 
ever exceeds 6«x) cb.m. (— 210,000 cub. ft.). 

/\ccording to Monti. .Soieitl., 1900, p. 563, Ifcnker has fora 
number of years built chambers (in France) on the following 
plan :—Besides the Glover tower ho empld^'s a dry filtering 
chamber, in order to retain flue-dust and arseidc. His thati^ers 
are three in number, of a total capacity of only 2000 to 3000 
cb.m. (70,000 to 105,OCX) cub. fis). Into the last of these fic 
introduces S(T (burner-gas); then comes a small intermediato* 
•ehamber, and then two Gay-Lus.sac tower.s.* The draught is 
producecFby a fan-blast. Honker claims to produce 6 to 7 kg. 
acid of 52 He. (-3 7 to 4 3 kg. H^SO,) per cb.m. (= i lb. sulphur 
burnt upon 13-2 to 11-3 cub. ft !), with Jt consumption of 0 8 to 
I'O nitric ftcid 36^ He. per too acid of $2^ ( = 3 103-7 lb. NaNO,, 
per.idD S burned). The chambers are fed ivith a water-spray 
in lieu of steam {vide infrii), and he always injects some SOj 
(butner-gas^ into the la.st chamterjJGer. P& 88368 and 9r26o; 
cf. later on). 
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Recently (/?. nngew. C/inn., 1906, p. •137) Henker and 
Hartmann prefer employing first chambers, upon which tlie 
gases from the Glover are equally distributed ; this effects a 
much larger production, reduces the consumption of nitre and 
also the temperature, 

Kliel (Amer. 1 ’. S 6 oy 0 '''j places the acid-chambers side by 
side between the Glover and Ga\-laissac towers. Induction 
and eduction flues comiiumicate with the several chambers near 
the same end, the former being placed nearer Jthe a.xial centre 
and in a higher plane than the latter. .Steam-pipes open into 
the induction flues near their discharge ends. Means are 
provided for forcing; the gases through these flues, producing 
reverse currents imvardly toward the rear, and outwardly 
toward the front of the chamber. 

Marlow (Amer. 1 ’. .SS2330), in orrlcr to save space, jrlaces a 
certain number of lead chambers one above the other; their 
tops are provided with cooling-basins. 

Sisc of the (.'//rrw/'c/x—This varies very much. .'Xpart from 
the “ tambours ” of the French system, the ordinary chambers 
arc made with as little as lo.cxx) and as much as 140,000 cub. ft. 
capacity. Chambers of only 10,000 cub. ft. or little more capacity 
are no longer built as main chambers ; the usual capacity of thc.se 
may now be taken as ranging from 25,000 to 70,000 cub. ft., more 
frciiucntly nearer the^ upper than the lower limit. Smaller 
chambers cost much more, coiniraratively, than large ones, and 
it is doubtful whether they afford any corresponding advantage.s. 

The different cfiambers of a set are either placed on the 
same level, or, more suitably, each following chamber is placed 
I or 2 or, better, 3 in. higher than the precediiig one, so that the 
ac'd of the back chambers caiT be run more easily into the 
working-chamber. In the first chamber the acid is both 
strongest and mosl free from nitre; and it is therefore prefer-' 
able to draw off any acid from this, whether it be for’.sale, for 
use, or for concentration. The acid drawn off is replaced partly 
by that newly formed* in the same chamber, partly by the 
weaker acid run over from the other chamber. If there is only 
one long chamber, the acid is always found strongest near vhe 
entrance of the gas. , 

In England, all the charr^J)ers of a set are generally nf equal 
size, apart from’local circumstaneds; asd this plan is now more 
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frequently used ob the Continent as well than formerly, when 
the French system, ev^n now the more usual, was the only one 
to be met with. In that sy.stcm there is a “larf'c chamber,” C 
(Fig. 197), plitced at the lowest level, combined with a few small 
chambers at a higher level, both before and behind the large 
one. Thus the first small chamber 
or hiiiilwur, A, serves for denitrating 
the nitrous vitriol by hot water; the 
second one, li, for introducing frc.sh 
nitric acid*; the third and fourth 
tambours, h' and h', for finishing the 
reaction. • 

In the st)uth of France (Favre, 
Monit. Scini/., Ih/b, p. 272) there 
was then mostly a large chamber of 
I 35 X 26 X 20 ft,or of l(X.t X 16 X 22 ft., 
combined with two small chambers, 
together about 140,000 cub. ft. /\t 
Au.ssigcach large chamber is 200 ft. 
long and 24 ft. wide, and is combined 
with a small tambour for catching 
the fine dust, and two small end 
chambers, not receiving any steam, 
but only serving for cooling the gas 
previously to its entering the Gay- 
Lti.ssac tower. 

Some manufacturers reject all preflminary chambers 
(tambours), becau.se the chamber-process is carried oif bcst;,if a 
large space is afforded at once for the mutual reaction of the 
ga.ses. Thus in a large F'renclt works two-thirds of the whole 
chamber-space are occupied by the first chamber, two-ninths by 
•the second, and one-ninth by the third; this system is also 
adopted'at Uetikon. 

At the Government works at Oker (official communication, 
I902),there are five sets of chambers, tRe best working of which 
have the following dimensions;— 

•Chamber I. 35 m. long, 800 m. wide, 6-50 in.*higli = 286o cb.m. 

„ II. 30 m. „ S oo m. „ 6-50 m. „ -1560 „ 

... JII. 30-15 m.„ 549 nf. „ 5-25 .. .. 

• 5289 



t • 
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The chambers communicate by pipes i mt wide, entering at 
about two-thirds of the height and going *iit i-20 m. above the 
bottom. Small front and back chambers have been tlesignedly 
left out in this system, but small back chambers e»ist by chance 
at the older sct.s. 

Small chambers, of course, require more iead and space 
than large ones of equal capacity, A preliminary chamber, 
however, is serviceable,•where no Glover tower is present, for 
catching the dust and cooling the gas, so as to,save the large 
chamber. For the sameteason the nitric acid was once usually 
introduced into a special tambour; but it is best, as we shall 
see, to run it down the Glover tower. 

small chamber at the exit end is certainly serviceable for 
drying the gases previously to their entering the (lay-I.ussac 
towers in cases where there is no long tube or tunnel for the 
same purpo.se. 

The waste of lead in small chambers is more easily under¬ 
stood by a definite example:—.\ chamber of lOTX 20X20 ft 
has a cubical capacity of qo.ocx) cub. ft. and a surlace of 8800 
,sq. ft. A tambour of 16 x 10 x 10 ft. has a capacity of 1600 cub. 
ft and a surface of 840 sq. ft. Its contents are therefore uV,, but 
its surface almost of that of the large chamber; and conse¬ 
quently its surface is nearly 21 times as large, in comparison 
with its capacity, as that of the large chamber. 

Whilst, of course, there is no doubt that a given cubic space 
of chamber-room is more cheaply obtained with a few large 
than with a great?r number of small chambers, it is, on the 
oth^ haiTd, very easy to overstep the mark in this direction. 
We have seen above that, in the case of chambers of an 
excessive section, the gases dt) not get properly mixed; but 
‘iie same principle applies even to the division of the chamber- 
space in the direction of its length, since every time the gas has' 
to be compressed into a comparatively narrow connection-tube 
in order to pass from one chamber to another, this must bring 
about a good mixture, Superior to that produced in thq same 
length of undivided chamber-space. For this reason, to begin 
with, it seems expedient to subdivide (lie chamber-si)a'ce.by 
multiplying the number of chambers; and we shall further on 
meet with another strong reason for the same purpose, namely, 
that the cooling’down of the contents ^f the chamber, essential 
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for the reaction among them, is promoted by their contact with 
the comparatively co*l end-walls of the^chambers. 

In England it is taken as a practical rule that for every cubic 
foot of chamber-space there should be about 0-2 foot of total 
surface (top, bottom, sides, and ends). A chamber 20 X 25 X ICXJ 
feet would conliiin 50,000 cubic feet and have a total surface of 
[0,000 square feet, which is exactly the above-stated proportion. 
Sets of chambers in England are rarely made larger than 
200,000 cubic Jeet; if more is required, the whole is broken up 
into two or more sets. • 

When speaking here, and elsewhere, of''chamber-gases,” we 
always comprise in them not merely tlfc vapours of water, 
nitrous anhydride, etc., but also the misty particles of liquid 
sulphuric acid, nitrosulphuric acid, etc., floating about in the 
atmosphere of the chambers. 

Schertel, in fact, starting from the principle adduced by 
myself on an experimental and theoretical basis, to which he 
agrees, proposes to multiply the number of ebambers, keeping 
them rather short {Chem. I mi., 1S89, p. 80). Bode {Z. augezv. 
Chem., 1890, p. 11), on the same principle, proposes chambers of 
half the usual length, but twice the ordinary width—say 40 ft. 
This would involve some difficulties, although not insuperable, 
in constructing the chamber-frames. Later on (^'A<^?,,Jahrcsber., 
1890, p. [48) Schertel described practical experiments bearing 
out the theoretical considerations just mentioned ; and further 
experiments on the manufacturing scale, entirely confirming my 
own results and conclusions, have been inade by Retter (Z. 
angeiv. Chem., 1891, p. 4). • , 

Conneeli)ig-tuhes.—\x\ the usual case, where several chambers 
are combined to form the acid-lnaking apparatus, the questfon 
arises how the single chambers of the set are to be connected. 
One thing about this is certain : that the fomiccting-tubes must be 
placed at the small ends, so that the gas shall travel right through 
the length of the chambers, and no dead corners are left. But 
the next question is, at what part of tHt section the connecting- 
tubes are to leave or enter the chambers. There is general con¬ 
sent as to this point, that the gas should en^r the first chamber 
near its top. Some proceed in this way: they take the gas 
away at oryi end near the bottom ^nd introduce it into the next 
chamber near its top. Others maintain just as strongly that 
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this is wrong, and that, on the contrary, the gas-pipe ought to 
leave each chamber ney its top and enter the next chamber 
near its bottom. Others, again, contend that it matters very 
little where the gas enters and loaves, and that it i^ therefore the 
simplest plan to make straight connecting-tubes about midway 
in the height of the chamber. This last view .sftms to be borne 
out by the practice of several practical men of very large 


experience, and it agrel's 
very welt with the investi¬ 
gations of Lungeand Nael 
(I'/r/c who found 

that the composition of 



the chamber-gases in any 


lyS. 


given cross-section of the 


chambers docs not differ 
very materially between 
top and bottom, so that it 
must be indifferent where 
the connecting-tubes are 
1 'iaced. This is confirmed 
by information from the 
Rhenania works in iyo2. 

The connecting-tubes 
may be round pi[)es or 
angular flues (tunnels). 
The former are i^refer- 
able, because they can be 
mad« witliout a frame, 
apfi because they stand 
better. They must, how- 
Arer, be made of ^strong 
lead, say 9 to 12 lb. per 



Fig. 199. 


square foot, and bound here and there with iron hoops, between 


which and the lead, wooden staves arc placed in order to keep 
the pipes in shape; but*if the weight of the lead aiyounts to 
15 lb. per .square foot, no staves are needed. Figs. 198 and >99 
will make this clearer. ‘ 


The iron hoops serve al.so (or suspending the pipes fn^in 
beams, etc. The 7 vi(i/A of the pipe introducing the j^is ftito the 
first chamber, whether it comes fro’n tUfc Glover tower or from 
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the burners, must be adapted to the quantity of gas conveyed. 
For a combu.stion of 7»tons pyrites daily^a pipe of 2 ft. diameter; 
for 9 tons, one of 2l ft.; upwards of that, one of 3 ft. diameter 
will do; more than 10 tons arc rarely consumed for a single 
.set in twenty-four hours. Since the volume of the gas decreases 
in its onward j(;*irney, the connecting-pipes between the single 
chambers may be successively a little smaller; but it is not well 
to grudge anything here, since no hartn is done if the pipes 
arc too large, l^it very much if they are too small. 

At Griesheiin several connectin*g-tubcs are introduced 
between the chambers instead of one. This seems very rational, 
and at the same time serves for partially tooling the gases in 
their transit, which we shall find further on to be an important 
feature. “Dead corners” arc most easily avoided by this 
plan. 

According to the 15 . P. 2cX)i2 of 1904, of G. F. and A. R. 
Davis, the chambers are connected by tubes of 2 or 3 in. 
diameter, of which forty (more or less) arc employed, so as to offer 
the necessary space for the gases to travel through. They are 
stated to have a very efficient ctjoling action, being e.xpo.sed to 
the atmosphere (this is, as we see, identical with the just- 
mentioned Griesheim plan, described already in our edition of 
1903, vol. i. p. 465). 

In the 41.V/ Alkali A’l'/’orl, pp. 91 and 92, it is stated that 
.several firms had changed the connections of the chambers in 
such way that the inlet is near the bottom^ ami this has been 
found very satisfactory. The steam is introduced above the 
inlet and below the outlet. * c 

Porter [Chcni. Trade /., 1909, xliv. p, 79) stroqgly 
recommends placing the entrance-pipe for the burner-gas at 
one etid of the chamber near the bottom, jiot, as is found in 
most places, in the centre or near the top. His opinion is 
founded on experiments made with a glass model on a scale of 
J in. to 1 ft. The exit-pipe should be about half-way up the 
middle at the other end. * 

Qellarius (Ger. Ps, 1O6745 and lS3a97) causes the gases, 
pSssing from one chamber into another, to form strong whirls 
by means of the centrifugal action of a steam-pipe, and to be 
throwrr against a layer of coke, wetted with^acid, or through 
two concentric cylinders’ with perforated horizontal diaphragms, 
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for the purpose of precipitating the already formed sulphuric 
acid present in the statp of fog. • 

Hofling (Ger. P. 202631) places in the entrance- and 
connccting-pipcs of the chambers spiral-shaped plates, in 
order to give a rotating movement to the gases. In ca.se of 
several entrance-pipes (which may be arrangeii in an angle to 
one another) the spirals are made, one turning to the right, 
the other to the left, sif as to produce a more intimate friction 
and mixture of the gases. • 

VVinsloe and Hart ( 1 ?. 1 '. 26916 of 1902) place in the pipes 
or trunks connecting the lead chambers or towers numerous 
vertical pipes, open?it top and bottom. The gases circulating 
round these pipes are cooled and mixed, the proce.ss being 
assi.sted by baffle-plates at right angles to the air-tubes. Refer¬ 
ence is made to H. P. 20142 of 1901. 

Hegeler and Heinz (.\nier. Ps. 728914, 752377 ; P. P. 254 
of 1904) arrange the flues to enter the side of the chamber near 
the front end, and to pass out of the side at the rear end, at 
different levels, and transversely to the length of the .system. 
The gases thus enter and pass out of the chambers in opposite 
directions, at different levels, and transverselv to their general 
course. Their Amer. P. 765834 de.scribes a main flue provided 
with a filled .section and a free open section, with a fan in the 
free section, and a secondary flue communicating with the 
main flue before and after the filled section, and provided with 
a fan. 

Lagache (Pr. P. 350363) withdraws part of the gases from 
the hottest, or from any part of the chamber, conducts them to 
a^refrigerator, and takes the unconden.scd cool gases back to 
the chamber. 

• Cuiic Contents of Chambers .—The total cubical contents ^ 
of a set of chambers must bear a certain proportioji to the 
quantity of acid to be produced, .several special circumstances 
modifying that proportion. Thus it is certain that for pyrites 
more chamber-.space \lt needed than for sulphur we have 
seen above (p. 559) that the relative proportion may be stated 
as I : 1-314. But "now the que.stion is, XV’hat is the ab.soi 1 ite 
amount of space needed ? Prqperly sijcaking, the connectijig- 
pipes, if they are of great .length, and the Gloves and Gay- 
Lussac towers should also be inHudtxl in the calculation, and 
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that to a larfjer extent than corresponds to their cubical 
contents. • ^ 

The consumption of nitre al.so influences the chamber-space ; 
within certain limits a larger consumption of nitre may 
compensate for a smaller space. 

Partly from ^his the widely divergent views on this point 
may be explained, l)ut not entirely ; for some manufacturers 
obtain about the same yield as their •neighbours, possessing 
half as much inore chamber-space, although both the pyrites 
and the gener.il construction of the plartt and their consumption 
of nitre arc as nearly as possible the same. In the following 
remarks wc shall reduce all measures to cuDIc feet of chamber, 
space reciuired tor burning I lb. of sulphur dail)-, taking, in the 
case of pyrites, tlie sul()hur bought, not that actually burnt. 

For .some irarticulars concerning older methods, cf. second 
edition of this work, pp. 371 and 372; for recent ones, jvr/ra, 
pp. 627 et icq. From sundry h'nglish alkali-works 1 can state the 
following spaces used in 1X79 per pound of sulphur per diem :— 

1. II. HI. IV. V. 

28 25 20 18 16 cul). ft. 

1. and 11. were considered too high by the cheini.5ts of the 
respective works themselves; but it should be stated that the 
same space was em|)loyed in 1864, when 30 per cent. Irish 
pyrites was used, for which it was more suitable. 111. (viz. 20 lb.) 
is a proportion employed at many large works ; but IV. and V. 
are found in works having as good a yield 5 f acid (270 to 288 
O.V.) and no larger consumption of nitre (3I to 4 per c 3 ;nt.).. In 
all ca.ses rich Spanish or Norwegian ore was burnt, and both 
Gay-Lussac and Glover towers \^ere used. I'roin this it follows 
that under the same conditions 20 cub. ft. per lb. of sulphun- 
“charged is amply suHicient, and 18, or even 16, will do; but the 
latter certainly was at that time generally assumed to be the 
lowest allowable limit. This agrees with a statement of Wright’s 
{Chem.Nni'S, xvi. p. 94), who demands t6 to 19-2 cub. ft. 

From the Inspectors' Alkali Reports it will be seen that the 
amount of chamber-space actually employed^at English works 
varies in a most extraordinarj- way, and not merely in conse¬ 
quence of t^ie fact that very sm?!! works generally employ an 
excessive chamber-space.t It is also seen from fhe same source 
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that the usual assumption that less chamber-space is used with 
brimstone than with pyrites is altogethcj erroneous. We will 
here give merely a few figures obtained by taking averages of 
the single works enumerated, leaving out those l)urning both 
pyrites and brimstone, or coal-brasses, or “oxide.” 

In the 20/// Report, pp. 48 and 49, we find tljc average of 18 
works burning pyrites to be 23'i cub. ft. of chamber-space 
(minimum 15-5, maxiraiim 38-4); the average of 10 works 
burning brimstone 297 cub, ft. (minimum 21-7, maximum 44-8). 
In the 2\st Report, pp. *20 and 21, 21 works Inirning pyrites 
average 26-0 cub. ft. (16 to 40); 15 works burning brimstone 
average 26-2 cub. ft* (21 to 48). On pp. 64 and O5, 22 works 
burning pyrites average 29-2 cub. ft. (17-3 to 43-2); 18 works 
burning brimstone average 31-4 cub. ft. (19-3 to 46-2). Hut as 
the great majority of these works are too small to afford a real 
guidance in this respect, we will quote in detail (from 2ij/ 
AV/(WY, p. 81) the figures of 15 medium and large-sized works 
in the Widnes district, comprising .some other interesting 
information:— 


burnt 

<iiib. ft. ebamb'-r* 

Nitrate of s'xla 

('ainicitieaoffJay- 
IdlKHtl' tt»WiTS 

1 

Total acidity <»f 

|HT wrok. 

Hjiaoe jht lb. i)f S 

|KT I’flit of 

|)er toil |)yritcH 


iuilH. 

burnt ill '24 liuurs. 

Mul|<bur burnt. 

UH'ul per wiH'k. 
Oilb. ft. 

oub. ft. 

■75 

« 




52 

210 

3 ' 5 o 



350 

i8-o 

5*00 

65.8 

0-87 

210 

iM 

4-70 

18-7 

2-10 

■ 25 , 

28*0 

4-00 

3 <oi 

0-65 

,98 • 

17-8 

4-20 

324 

2-88 

240 

210 

4-25 

24-0 

l‘ 7 » 

• 250 

28-3 

3-75 

■ 5-7 

2-34 

150 

21-0 

•... 

37-8 

0.79 


19*3 

5*00 

20-5 

1-90 

^ 60 

22-3 


27-5 

3-89 

260 

22-0 

3-30 

33*7 

I *60 

■■7 

21'0 

4-00 

535 

.■•30 

183 

20*0 

... 

21.5 

2*94 

730 

17-5 


79.G 

0*70 

Total \ 

• 




and lj593 

21-0 

4-'7 i 

44-4 

• 1-52 

averagesj 

1, 


• 

_ 


The usual proportions in thd south of France were stated •by 
Favre {Monit. Scient., l8;f6,’p. 271) ^s follows;—h!ach square 
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metre of gratc-surface in the pyrites-burners daily receives 270 
kg. of 40-per-cent, py rites, and corre.spond.s to 180 cb.m, of 
chamber-space. This means 1-66 cb.m! for each kg. of sulphur 
charged, or 26 5 cub. ft. per lb. 

In the north of France 1 found, in I1S7.S, about 8 cub. ft. per 
lb. of pyrites, or about 17 cub. ft. (icr lb. of sulphur charged, 
with good yields and low consumption of nitre, but only for low 
or medium temperatures; in summer,,] to J more chamber- 
space is re<|uired. 

The preceding statements refer tr) (wdinary pyrites, but when 
burning/^um-e/v.v/i)/- iiictaUur^'icdt /’ur/’oses much larger chamber- 
spaces have to be employed. This is iiKide evident by the 
following statements which 1 have received respecting the 
production at the Oker works in 1901 ; the class of ores burnt 
there h.is been already de.scribed ([>. I 15). 


N,>. uf 

li«'.s[Tii)tii)ii of 
on* hui'iit.. 

rro'liiclioii of ae|i| 
bti lb'. p'T el).111. 

eh:uiil>tir-.-«)>ai'i>. 

Tin* .sAiiK* 1 

reihieeil to 1 
iloSd, j 

1 . 

Mixed ore. 

Kn. 

2-88 

K.:. 

I-80 

11 . 

C'lpper - ore, mi.xed 
ore. ;inil rei;ulu. 8 . 

.VI9 

1-99 

III. 

CopjX'i - 010 Ullcl 

tnixci! Off. 

3-30 

2-oC i 

IV. 

Ditto. 

3*33 

2*08 

V. 

PriHiipdlly copper- 
.m>l ledd-tnaUe, 
wilhaliltle copper* 
aii<l Icad-oro. 

2-84 ^ 

• 


• 

The average consumption of nitrate of soda is 10 kg. pet 
.ton of acid 50“ Be. = i-6 per cent, on H,^SO,, or about 4 5 per 
cent, on the sulphur burnt, which is not too high considering 
the quality of the ores. 

There is general agreement that d^inishing the chamber- 
space Trelsw a certain extent leads to increased consumption 
of nitre, of which wq have had instancesi before. Clement 
{Ftschers Jahresher., 1899, p. 370), reasoning from the results 
obtained with two (small) sets af chambers at a Danish works, 
asserts tbat'the consumption qf niti'e Increases in proportion to 
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the square of the utilisation of chamber-space, but his data are 
certainly insufficient to prove such a gcmral [)roi)osition. 

Furthermore, it is v*ory important with what ti'iii/<cr<i!uiY the 
gas enters the chambers. The better it is cooled, the less 
volume it occupies for ciiual weight and the less chamber-space 
is required. For this reason a (ilover tower,,which cools the 
gas very completely, causes, even from this reason alone, apart 
from others, a saving iu chamber-space. It is al.so well known 
that in winter for the same chamber-space either a good deal 
more pyrites can be burnt or less nitre is consumed than in 
summer; but there are also other reasons for this. 

Sometimes the uhambcr-spacc is stated in so many cub. ft. 
per ton of salt-cake made per week. Hurter gives the following 
useful rules for converting <ine kind of expression into another: 
—Supposing the chamber-space is given in cub. ft. per lb. of 
sulphur burnt in twenty-four hours, \ou will obtain the number 
of cub. ft. per ton of salt-cake made in a week by multiplying 
by 75. Given, on the other hand, cb.m, per kg.: by multiplying 
by 16 you express the residt in cub. ft. per lb. of sulphur, and 
by multiplying by 1200 you obtain the number of cub. ft. per 
ton of salt-cake made per week. 

Intensive or High-pressure Sly/e of ivorking V'itriol-Cluinibers. 

In recent times a rievv style of working has been introduced, 
first in several French works, called "production intenseP say 
“forced” or “ high-pressure ” or “ intensive ” work. It consists 
in supplying the fhambers with a greatly increased .stock of 
nitrg, without losing any of it, as all the nitre is recovered by 
means of largely increased Gay-Lussac and Glover towers ; in 
tflis way the production may lie increased to almost twice the 
^sual amount, so that, in winter at least, a maximum of yield 
and a minimum 'consumption of nitre are attained with the 
extremely small chamber-space of 07 cb.m, per kg.' or ii-2 
cub. ft. per lb. of sulphur burnt. VVe have alluded to this style 
supret in several places, «nd we shall have frequent occasion in 
later parts of this book to speak of this “ intensive ” sfyle, which 
was formerly confined to F'rench factories, but is now practised 
elsewhere as well. 

In 1900, Pierron {Monit. Scient., 1900, p. 367)^statcd a's a 
minimum production in twenty-four Jiours, 2-34 kg. H2SOj = 
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O'/S k'R. sulphur burned per cb.m.= i lb. S per 19 cub. ft.; but 
at Kuhlmann’s works fclie normal production is 2 9 kg. H2SO4 
and Benker (p. 62H) claims obtaining 3'6 to 4 2 kg. H.^SO, 
with ordinary, chambers. Ihc ordinary production can be 
incrca.scd by the use (jf artificial draught (fan-blasts), by 
“tangential chanjbers" (</ p. 622), b)' “plate columns,” and by 
other means described in their places. 

For Germany, Niedenfiihr (i'_/)2) states the usual cubic space 
= 1-2 cb.m, per kg. of sulphur= 19 cub. ft. per lb., which is 
just the same as the iniixiininii space* allowed in France, but 
decidedly more than the average employed in that country, 
even where no “intensive production" * aimed at. But 
Niedenfiihr's statement is decidedly not valid for the mo.st 
carefully managed German works, which, according to direct 
information, manufacture 3 5 11 ,.SO, per cb.m, of chamber- 
space, which is about 0 S5 cb.m, per kg. of sulphur burnt, or 
about 14 cub. ft. per lb. 

Fiir the Rhenania works, producing their SO,, frojn zinc- 
blende, Dr llasenclever states as the normal production 2-5 kg. 
of 68 Be. |)er cb.m, in twenty-four hours, with a consumption 
of 0-5 to 10 per cent, nitre per 100 acid of 60 He. 

The following (hitherto unpublished) data have been kindly 
supplied to me by Mr G. If. Davis respecting the results 
obtained in a .set of three chamlrers, each 12OX 20X 18 ft., with 
a Glover 8^X22 ft. and (jay-Lussac 12x12x60 ft. This set 
was worked :—A. One month without the towers: pyrites 
burnerl 135 tons, potted 96 cwt., 25 cub. ft. fhamber-space per 
lb. of sulphur in twenty-four hours ; 79 lb. nitrate of Soda sent 
into the chambers per ton of piyrites. B. One month with the 
towers in full operation: pyriteS burned 180 tons (19 cub. ft. 
chamber-space per lb. sulphur), 101 cwt. NaNO^ introduced by, 
•Gay-Lus.sac acid, 56 2 cwt. nitrate potted, 9? lb. nitrate intro¬ 
duced in(b chambers per ton of pyrites. C. One month with 
towers: 2.to tons p)rites (= 14-4 cub. ft. per lb. sulphur), 205C 
cwt. NjNO„ in Gay-Lussac acid, 86 cw*. nitrate potted, 135 lb. 
nitrate in gases per ton of pyrites. D. One month with towers: 
joitohs pyrites (= n»5 cub. ft. chamber-spale per lb. S), 277-3 
cwt. NaNOj in Gay-Lussac acid, 1351 cwt. potted, 152 lb. total 
nitrate per tpn of pyrites. Lastly, E. One month with towers: 
380 tons pyrites ( = 81 <iub. ft. chamber-space ^er lb. S), 394 
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cwt. NaNOj in Gay-Lussac acid, 203 cwt. nitrate potted, total 
nitrate 176 lb. per ton of pyrites. Under t^c last conditions the 
chambers were worked *for nearly a year; oxygen at burners 
JO per cent., at dust-burner 12 per cent. Average ncidit\- of 
gases going into Gay-Lussac 5 5 gr. ILSO., per cubic foot, and 
gases leaving the tower 1-4 gr. I I.^SO^. , 

Thejj'/t/irf varied very little in all these cases, viz., from 40-2 
cwt. acid of 123 Tw. pc,r ton of pyrites in A to 39-,S cwt, in K. 
(The above-quoted consumption of nitre is very high, even for 
ea.sy work, let alone for htgh-pressure work.) 

Mr Davis states the general opinion of Knglish acid-makers 
as follows:—“If yoa go on in the old way, working with 25 
cub. ft. of space per lb. of sulphur per twenty-four hours, the 
process goes on absolutely by itself. Decrease your chamber- 
space to 15 cub. ft, and you want a chemist and clever foreman, 
while with 8 cub. ft neither foreman nor chemist knows what 
peace is either by night or day." 

Guttmann (J. Soc. Chem. hid., 1903, p. 1334) gives the 
following data. With ordinary chambers frequently 3 kg. 
II.,S04 per cubic metre is made, with “intense” working up 
to 4 kg. With atomised water and fans (ef infrii) in ordinary 
chambers 5-84 kg. have been obtained. A set of Meyer’s 
chambers (p. 622) without other improvements produces 4 kg,, 
according to Meyer's o\\n publications up to 6-3 kg.; combined 
with fans and atomised water, probably up to 8 kg. 

Petersen (Z. augew. Chem., 1907, pp. i loi-i 105) greatly 
recommends this htgh-pressure style He does not, from his 
expefienci, believe that the chambers suffer under it more 
than in the ordinary way, but much more nitre must be 
introduced. • 

• An important paper on the “intensive” or “high-pressure” 
working of the acid-chambers has been published by Nemes 
{Z. angnv. Chem., 1911,pp. 387-392). lie justly points^mt that 
very naturally every acid-maker wishes to make the fullest 
possible use of his plant; but whether it is really ,inore 
economical to make from 4 to 8, or else 12 kg. chaftiber-acid 
per cubic metre of'\;hamber-space, is a question not yet finally 
decided. Concerning the history of the “ intensive ” chamber 
working, the author quotes from the German edi^on^qf ihy 
Sulphuric Acid*and Alkali (third Ejiglish edition of 1903, 
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vol. i. pp. 453 aiul 46S) statements on the high-pressure style 
in Knglancl and France whicli I had^ received from private 
sources, and he himself (|uotcs experiments made in that direc¬ 
tion by the F 4 (fobain factory on a large scale. According to 
him, the .stimidus for a further i)rogie.ss in that direction came, 
in 1900, from tiic facts then becoming hnoun on the contact 
process of the Hadische .Aniliii- imd Sodafabrik, which was soon 
followed by others. In that year the minimum production 
of ordinary ch^nnbers in France is stated by I’ierron at 2-34 
kg. Il.j.Sf), per cb.m.; the iienker ‘chambers (p. 62.S) pro¬ 
ducing 3-6 to 4’0, and Meyer's tangential chambers 3-2 to 3^4, 
F'alding's chambers iiifrii) even 6-2 Ifg. II.,SO.,. In 1902 
Liity and Nierlenfulir report on their results, and the former 
speaks of t2 kg. chamber-,acid ( = 7-4 kg. 1 l.,.SO|), but without 
saying anything on the consumption of nitre and on the life of 
the chambers. Hartmann and Iienker, in 1903 and 1904, speak 
of 3-98 to 4-58 kg. 1 f,.S(), with an c.\])enditure of 1 per cent, 
nitrate, and later on of 8 5 to 8 75 kg. II.,SO, with a use of 
0-7 to I-1 per cent, nitre, but say nothing on the life and the 
repairs of the ch.ambcrs. On Meyer’s tangential chambers, 
Hess reports in 1905 {X. u;/y,7i'. ( Inn/., xviii. p. 376), after five 
years’ experience, a production of 3 75 kg. Ih.SOj per cubic 
metre, with an expenditure of 0 54 parts nitre on too parts 
chamber-acid, or nearly 1 (ler cent, on the real 11 .,SO, produced. 
Ncmes then refers to the controversy between I.iity, Niedenfiihr, 
Neumann, and I’etersen, on which we shall report later on in 
connection with the new style of working ttic Gay-Lussac and 
Glover towers, and he justly remarks that chambers, working- 
up poor and irregular gasps from metal-smelting works, with jm 
expenditure of 2 7 per cent, nftre, must neccs.sarily wa.ste the 
chamber-lead more than the ’ intensive ” style with ordinary 
gases and with i t per cent, nitre. He further quotes the 
statements of Schmicdel {X. augew. Chem., 1908, p. 249), of 
Proelss ( Xeit., 19to, p. 322), who required 2-2 per cent, nitre 
for 4-35 kg. ILSO^. and 3-51 per cent, flitre for 7,24 kg. HjSO^ 
per cubic metre, and of Opl {Z. angtw. Chem., 1909, p. 1961) on 
th* rtruschau procesk, tvhere 31-2 kg. H..s6j per cubic metre 
were produced in towers, with ^n expenditure of 072 per cent, 
nifre. . • , . 

Ncmes further reporte onf the work carried on in a number 
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of cases known to him personally. The following table repre¬ 
sents the results obtained :— • 



Kk. H-kSO* 1 

K}i. nitric acid 

Life nf Mu- 

\hiiiiilry. 

actory. 

ina<le per 1 

3 fi Hi-. Oun 9 UIIl>’'l 

cliniiilMirii. 

cb.m. 

M-r lOO kg. UoSO, 

^ i-ars. 


A 

2-20—2-40 t 

0-58 -0-64 

18--20 

ifelgiuni. i 

B 

2-34 ‘ 

0.51 

20 

Riiinclaiul. 1 

c 

3-74 i 

• I-OI 

15 '7 

1* I ant e. , 

D 

3-75 

1.76 

... 

Ixliint-l.iiiil. 

I-; 

5-00 

• 1-28 

... 

' . 


.V'H 

2-88 

8 — 10 

It.islciTi (ifiiiLiiiy. 

G 

6-25 

• 

2-04 


Aiistri.i. 


These works represent various types, and evidently the 
results depend very much on the style (»f work, the raw 
materials, the plant, etc. Hut it is a rule without exception 
that the consumption of nitric acid increa.ses with the incrca.se 
of production per cubic metre, and that in much higlier propor¬ 
tion when the production is strongly forcetl up. Nemes says 
that the con.sumption of nitric acid in .sy.stems of entirely 
different con.struction may be represented by the following 
oscillations:— 

Kk'. ina'lo I Kr. nitric ai Kl us' <l 

cb.m. I per IbO ir-SOi. 

« I' ' ■' ■ ~ 

3 ! 0 - 35 - 0-55 

4 j 0-50 - 0-70 1 

t 5 I o-<)o — 0-90 I 

6 I 0 - 70 --MO i 

7- -8 o-8o -i-so 

8— 9 ) 1-00—i-6o 1 

9_io j i'20—i*8o i 

10—12 1'* 1*50 -2-00 i 

^ _ i . .' 

The oscillations of the consumption of nitric acid in the 
intensive style are greater than with small production. 

The cost of repairs naturally varies very much, but 
undoubtedly is much h%her when making lO to 12 ^than when 
normally making,^ 5 kg. acid per cubiT metre. Liity 
Niedenfuhr’s figure (Z. avgnv. Lhetu, 1902, p. 272), say .£^600, 
appears rather too low than 400 high, and will certainly „not 
suffice for a high-pressure, set producing 50 tons HtSO^per day, 
as assumed by Liity {ibid., 1905, p. 
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Nemes further states the cost of plant for a daily make of 
30 tons chamber-aci(l*for four cases kppwn to him by experi¬ 
ence; all of them provided with Glover and two Gay-Lussacs 
fan, water-s()fay, etc., but with considerable differences of pro¬ 
duction. The cost of machinery, buildinjjs, and furnaces is 
about the samci for the same production, but the cost of the 
chamber-frames and that of the lead differs considerably. The 
cost is stated in marks (t o2 -- is.):— • 


-• - - • • ' 


• 






•Nti. 1. 

.\u, v. 

No. 3 . 

N.2. 1 

J<etificlion of ch.itnl'ci-at itl per 

cb.m., 


• 



kg. . . . . 



5 

8 

[0 

(tiI'u: conieiiU of cli.iitit»cr'i. ii> « 

III. 

10,000 

I'l.oot) 

3.750 

5,000 

(•tounil spiiiT !o(|iiirctl loi cli. 

mfxTs, 





superf. m." . 


1,100 

720 

pSo 

.}00 

\'aluc ol •'paic 

in II ks 

52.OC0 

|.},O0O 

5<j,ooo 

58,000 

Huiidin^' 5 . 


50,000 

50,000 

5o,o(X) 

50.0<.T 7 

M.fchiiiciy 



18.000 

18,000 

i.S.ooo 

I'yriics kilii' 


50,000 

50,00 ■> 

50,000 

50.000 

V.tiue of ic:ul 


liO.OtX^ 

84,000 

50,000 

{0.000 

Towers and t li.tinlu'r-lr.iinf'. 


180,000 

100,000 

75.000 

bO.ODO 

.-\Uo>'ctlici . 


470,000 

3}«>.ooo 

28 2.coo 

0 

0 

0 


' 'rii« loUl Lti'oiMi'l of tbf faftory may U’ pul 5 Iduei Ihf alxivo IIkuk'. 


Nemes now calculates, starting from these assumed costs of 
plant, the cost of prodneino- the acid. He assumes the con¬ 
sumption of nitric acid, ^ 

Fur For ’ Fur K»r 
No. 1. Nu.'J. No. :l Nti. F 

per 100 ks'. II-SO, . . o-6o o-SS 1-76 2-40 kj;. ' 


which, as he considers, is rather V>o favourable for the intensive 
style (Nos. 3 and 4); coals = 14 per cent, to 200 Ik,SO,; labour, 
" ten men at 4 marks; repairs, according to practical experience, 
inclusive’of reirackiug towers, fans, etc. Capital interest, 5 per 
cent.:— 


4000 

The life’ of the chambers he puts at 20 
Hence, the percentage of capital 
‘amortisation . . . j 


5«D0 

16 


7-6 


9000 12,000 marks. 

I2t to years. 

« 

8 to per cent. 


*ln the amounts for amortisation no account is taken of the 
ground-sp.acc and 70 per cent.‘of the lead, leaving 15 per cent. 
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for loss in rcinelting and 15 per cent, for the cost of that 
process. This leads to the following figures for the cost of 
making sulphuric acid in those four plants, in the shape of 
chamber-acid, but calculated upon real II .SO,:—. 


H2S04 produced per cb.m. — k]^^ 

. I-S7 

3.2.S 5-00 

* Murks. 

6-26 

Sulphur (as pyrites) . 

I- 2 .SO 

I*2Ho 

I-2So 

1-780 

Nitric acid . . *. 

O* 1 20 

0-176 

0 - 35 ^ 

0-480 

Power and lij^lu 

0-200 

0-2(^0 

0-220 

0-220 

Wages 

. 0-210 

0-210 

0-210 

0-210 

Repairs 

0-0f)0 

0-073 

0-131 

0- 89 

Amortisation . . • . 

0245 

0-2 25 

0-193 

0-193 

Interest 

■ t )-345 

0-252 

0-20f) 

0-187 

Total 

Cost price of 1 l.,SO, in the form of 

. 2-4fK> 

chainber- 

2-416 

2 * 59 ^ 

2-749 

acid 

■ 

1-510 

1 -620 

1-720 

This docs not inchidc ^cner 

il expenses (for 

management, 

etc.), 

which iTia\' l)c taken to l)c 

tlu‘ same in all 

cases. 

Tlie 

total 


capital required may be put ~ 6cci,(X)0 marks for the high- 
pressure .system, against 7CX),(.XX) marks for the ordinary 
system. 

The final result of these calculations, which Nemes declares 
to be founded on practically obtained results, is this: that, 
contrary to the general assumption, the iutcusit'f or fils^h-hrrssurc 
style of working the chninhcrs lends to higher eosts of prodnelng 
the acid than a normal production of about 6 kg. chamber-acid 
per cubic metre, owing parti)- to the comparatively great wear 
and .tear *and the conseipicnt higher cost of amortisation and 
rejjairs, partly to the increa.sed consumption of nitric acid. It 
is now a proven fact that in t'lie high-pressure style there is 
greater wear and tear of the lead, for the tempcr.iturc is higher 
and the amount of nitric acid in circulation is greater ; there 
is also a greater quantity of sulphuric acid conden.sed on the 
lead, which washes off the protecting coat of lead-mud. The 
conclusion is: that for ntw erections the intensive style should 
not be chosen, and the adoption of this style can be advised 
only for special cases, such as the impossfljility of enlarging a 
factory, or special conditions of ^rade, or the stoppage of another 
set of chambers for repairs, and so forth. » 

Finally, Nemes briefly discusses tire question how matters 
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stand when comparing the manufacture of sulphuric acid in 
chambers with the »production of sulphuric acid without 
chambers, in towers, etc., as described in a following chapter. 
He considers«that it i.s as yet too early to come to a definite 
conclusion on this point, and several years’ further e.xperience 
is reriuired before the cost of acid by these systems can be 
definitely calculated. 

I’eterseii {Z. Chem., 1911, jii). 877-.S81) very strongly 

opposes the stjftemeiits and views of Nemes, and his compar¬ 
ative tables on the e.vpenses of erectinJJ and working chambers 
by different systems, which are calculated on tjuite arbitrary 
assumptions as to the costs of repairs flnd the life of the 
chambers. 1 le also objects to his Irasing his comparison of the 
consumption of nitric acid in the various .systems on antiquated 
data. Nowadays factories producing 8 to 10 kg. acid 50 He. per 
cubic metre of chamber-space should in no case u.se more than 

I per cent, nitric acid 36 He., and he quotes a case where only 
0-6 per cent, was used by the Falding system ii'idc nifra) ; only 
0-8 per cent, nitric acid 36 He. is required for producing up to 

II kg sulphuric acid 50' He. per cubic metre. I'eterscn considers 
the princi[)al advantage of the high-pressure system to be the 
saving of 30 to 50 per cent, capital, which allows quicker 
amortisation, lie concludes with a comparison of Meyer’s and 
Falding’s chambers, which we quote when treating of the 
latter. 

Th, Meyer {Z. u/;i,o ac Chem., 1911, |). 1520) points out that 
“ intensive work " can be produced by various styles of apparatus, 
but will be always connected with a greater expenditure; for 
nitre and repairs, and that the optimum of work will lie between 
the extremes. * 

Nemes {ibid., p. 1564) replies to various criticisms of his pape», 
and insists that the producing-cost in the .system advocated by 
him is no higher than in the ordinary style of work. 

Hartmann {ibid., p. 2302) states that it is possible to keep 
up good working of the chambers e^fen when going up to a 
production of 12 kg. acid of 53" He. per cubic metre, as far as the 
consumption of nitri? acid, high-pressure air, cooling-water and 
wages is concerned, but that thj advantage is partly, sometimes 
even more«than completely count<vltalanced b^ a considerably 
quicker and higher wear afld tear of the chambers. Hence 
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such intense working of the chambers has now been given up 
again, and a production of 7 kg. acid of 5j' lie, per cubic metre 
may be taken as normal now. Tlic Glover towers have not 
been worn out more quickly than othcrwi.se, even by the intense 
work. 

llasenclevcr in 1911 (/. Soi. C/iciii. /W.4I9H, p. 1292) 
considers it advisable to be satisfied with a production of 5 to 
6 kg. acid of 60" He. per cubic metre of chamber-space, or, 
expressed in British units, about il cub. ft. of ^chamber-space 
per lb. of sulphur burnt in twenty-four hours ; when increasing 
the production above this, the cost of chamber repairs ri.scs 
immensely. 

In the brief summary of the, partly very vehement, discus¬ 
sion on the advantages and drawbacks of the “ intensive" style 
of working the chambers we have tried to preserve entire 
impartiality, but in conclusion we must state our impression 
that that .style is more and more extending, and just the most 
advanced manufacturers of sulphuric acid seem decidedly on the 
side of the “ intensive ” work. According to the 47/// Official 
keport on Alkali Works, 1911, P- 15, that .system is working 
without any undue escape, the acidity of the gases, w'ith efficient 
supervision, being well within the limits prescribed and varying 
but little from the ordinary practice. 

Other Proposals for Diininishini^ the Chaniher-space. 

The considorabte ground-space taken up by the ordinary 
vitri^l-chsfmbers, and the very large capital required for the.se 
immense leaden structures on the Continent, also the expen.se 
of*the correspondingly vast buildings containing them, has led 
a great many proposals for restricting the chamber-space, or 
for doing away wfth lead chambers entirely and substituting 
cheaper apparatus for them. 

One way of greatly diminishing the space required for the 
reactions of the vitriol-riaking process would be to use pure 
oxygen instead of air for oxidising the sulphur. Thts, indeed, 
forms the subject of patents by Terrell, Hogg, and Tomlinson 
(1871), and of A. & L. Q. Brin (B. P. 12070 of 1886); also by 
Ellice Clark, as communicatiort from G. Lunge (B. P. 3if7. 
1888; £/; also Bbde, in Z?/«//./n/j*r./.,,ccxvi., P..453) ; but it is 
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unlikely that by any mode of manufacture whatever will oxygen 
become cheap enoiigii to serve for making ordinary sulphuric 
acid. 

Scheurer..Ke.stner (AV/. .SVc. //*/, Mulltousc, 1.S90, p. 276) 
calcnlatc.s the cost of ^90 kg. oxjgeii, corresponding to a 
metrical ton oUsulphuric acid, at 176 frs.Ay, "'hich of course 
renders the employment of such oxygen entirel)’ out of the 
question. Oxygen is now cheaper than at that time, but even 
in the shape yf "Linde’s air,” or of the cheapest electrolytic 
oxygen, its price is prohibitive. * 

Another way of increasing the production of acid for a given 
chamber-space is by ])roducing n belter Hiixture of t/ic tfttses 
within the ehambers. Some of the prop(isals in this direction 
are combined with the O'li/A/a nc/Aw dcmandc<l by the theories 
to be explaincal in t'hapter VI1. 

Most proposals for manufaettiring sulphuric acid in a 
diminished s|)acc start upon the assuminion that in the 
ordimiry vast chambers the gases are not sufhciently well 
mixed ; some of them also on the supjiosition that there is not 
enough “ condensing ” surface for the sulphuric acid, and that 
this should be artificiallj' increased. So far as it was a.ssumed 
that the sulphuric acirl required to be condensed from a vapour 
into a liquid, similar to the condensation in distilling alcohol, 
etc., this theory is, of cotir.se, wrong, inasmuch as the sulphuric 
acid is licjuid as srron as formed, and does not exist at all in the 
chambers in the state of vapour. Hut we shall see further on 
that for other reasons it is certainl)' true that a large amount of 
SHifiee for the chamber-gases to impinge on is indeed a^nost 
important factor in the chamber-process, and that, moreovcg a 
certain amount of eoo/ini; is afso of great importance in this 
respect. We shall sec that this proceeds from the necessity (rf 
britiging ;tbotit the reaction between the iiTtro-sosulphuric acid 
and the* liquid water or dilute sulphuric acid floating about in 
the chamber. Whilst, therefore, we must acknowledge that 
formor inventors were on the right tfack when increasing the 
surfaces *of contact, it is a fact that their efforts were un- 
si*ccessful; but this Vas caused by the circumstance that they 
did not (and could not in the then state of the subject) properly 
understand the essence of the pjocess, and that they conse¬ 
quently chose the wrotig iteans for their ends. Partitions 
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within the chambers, if made of lead, are most quickly corroded ; 
if made of glass, they sopn collapse (rvV/c f>. 650). 

Ward (H. 1 ’. 1006 of 1861) proposes a special mixing- 
chamber for the combustion of 7 tons pyrites iif twcnf)--four 
hours, 64 ft. long, iC ft. high, and 20 ft. wide, followed by a 
second lead chamber, or flue, 200 ft. long by t ft. high and 3 ft. 
wide, almost filled up with sheets of glass to a length of 25 ft. 
The sheets lie in a horizontal position, and arc kept a little 
apart by strips of gla.s.s, to permit the passage* of the g.ases. 
Ward believed that upon the.se sheets (in lieu of which tubes 
might be used) nitrous vitriol wouUI condense and afford a large 
surface to the sulphurous acid. His plan does not a|)pear to 
have been carried out in practice, or if it was it must have been 
abandoned again, probably because his erection possessed too 
little stability or was too easily stopped up. The horizontal 
arrangement is also unfavourable to a systematic action of the 
gaseous and liquid agents, for which streams in opposite direc¬ 
tions (up and down) arc preferable, as we shall see below ; and 
the total lack of a cooling arrangement would make the whole 
principle of reaction on the solid surfaces incomirlctc, as will 
be shown later on. 

Mactear (/. Sue. Cliciii. Ind., 1884, p. 228 ) carried out some 
experiments showing the importance of surface condensation. 
A tray, placed in a vitriol-chamber, i sq. ft. area, was found to 
give 708 g. II.jSOj in twenty-four hours, liy placing in the 
tray twelve pieces ^f glass, 12 in. by 6 in. each, in a vertical 
position, the amount of acid obtained in twenty-four hours ro.se 
to 1644 g., or 2-3 times as much, and by placing the gla.ss slijxs 
hojizontally, the same distance apart as before, the make of 
acid rose to 3226 g., or 4-5 times more than without the gla.ss. 
Other experiments made with “ surface condensers ” within the 
chambers showed that in the case of flat vertically placed sheets 
the side facing the gaseous current condensed more acid than 
the opposite side, in the proportion of 100:78. When the 
same plates were placed*horizontally, with their edgjs facing 
the current of the gases, the amount obtained from the do.uble 
surface was 172, against 178 in the former case. 

The principle of surface condensation is also employed jn 
de Hemptinne’s ^chamber-syirfem, which will be metitioned in 
Chapter IX., in connection with his system of concentration. 
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;\t some plficcs, at Uetikon near Zurich, there existed 
for a time a peciiliar4:intl of chambers^ Kach set consisted of 
only one larp'c chamber, 330 ft. loni;; within this, however, 
there were two partitions, dividinj^ it really into three chambers. 

The partitions are made as 
shown in h'io. 200. row of 
perpendicular iron gas-tubes of 

s ... I -----b I-in. b'*re, covered with lead, (T, 

I; , i-, placed across the chamber, 

II I carried through its top, />, and 

ll hung from one of the joists, c 

j| ij At vertica*! distances of 2 ft. 

I: f there are lead hooks, </ at- 

Ij tached to the tubes, on the 

'' { ij opposite side other hooks, rf' r/', 

I '' a little lower. These hooks 

I '' must not be made of sheet-lead, 

I !j because they bend too easily, 

I 11 but they must be cast. On 

, these hooks sheets of glass 

■I I y'l 2 ft. + 2 ft. 6 in. are placed 

I I ,1' loose!)', leaving chinks of about 

I I I I in. width for the passage of 

I I the gases, in order to mix them 

I j better. These partitions do not 

I seem U> offer any guarantee of 

1 durability ; and in fact, both at 

■I i Lfetikon and at other v/orks, 

•I formerly posse.ssing similar gjass 

' partitions, they have been re¬ 
moved again ; they are said ^o 
have sometimes suddenly col¬ 
lapsed and cut through the 
* chamber bottom. 

TRe simolest kind of internal 


partition—viz. sheets of lead—is not practicable, because the 
ftad’, exposed to th*e heat and the gas on both sides, is very 
(quickly worn away. This en^rely disposes of the suggestion 
of Borntttger {C/iem. Ind., 1885, ^..386) to make nearly hori¬ 
zontal (rather slantingjPparfitions in the chambers, in order to 
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multiply contact-surfaces. Both in this case and in the Uctikon 
plan the internal contact-surfaces, not l*ing cooled, do very 
little service (cf. later on). 

VV'alter and Boeing (Gcr. B. 71908) employ hollow partitions, 
made of acid-proof material, arranged acro.ss the whole width 
of the chambers. Double walls are constructed»of such a form 
that the principal gaseous current enters through large holes 
near the bottom, rises upwards in the space between the walls, 
and issues at the top; at the .same time the gast-ss are allowed 
to penetrate into the inner space by numerous small openings, 
and to issue in the same wa)’ on the other side, .so as to |)ro- 
duce a good mixture. Buttres.ses and binders produce sufficient 
stability without interfering with the draught, which is also 
procured by making the sectional area of the openings and 
joints much larger than that of ordinar)' connecting-pipe.s. 
[This .system aims at attaining the same object as the previously 
introduced iilatc-columns in a simpler way. But, in conse- 
cjuence of the many outlets offererl to the gases, it is douhtful 
whether they will travel exactly in the desired path. T'he 
stability of such inner walls, even when made of the best 
material, is very doubtful indeed, and a collapse must produce 
most disastrous results, as has been found in practice, wherefore 
the use of these partitions has been abandoned.] 

Brulfer (hr. 1 ’. 220^402) also employs hollow brick partitions 
within the chambers; he adds dividing apparatus, made of 
air-cooled lead tub^s, fixed behind each partition. When the 
gases have passed through a cooled divider, they again pa.ss 
throagh a hollow brick divider. 

• Olga Nicdenflihr (Ger. 1 ’. 241894) cm|jloy.s partitions of lead- 
covered iron which are placed in the chambers and divides these 
iiito single elements which can be combined or separated at will. 

A similar principle, in which, however, the idea of mixing 
the gases was the chief aim of the inventors, is involveS in the 
proposal made by Gossage and many others, and frequently 
carried out in practice, of filling the chambers partially or entirely 
with coke, or of erecting special coke-towers at the end of the 
set, not as Gay-Lussac towers, but to be merely moistened by 
water or steam. In practice il^ has been found that even as a 
matter of construction this .plan gave much trouble, because 
the great weight pressing upon trte oittside layers of the coke 
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makes it bulge out or even cut through the chamber sides. 
But apart from this 4t was found that the yield of acid for a 
given chamber-space was not increased, that more nitre was 
consumed, and that the acid was rendered impure by the coke. 
Everywhere, therefore, the coke has been removed again from 
the chambers .theni.selves, and has been relegated to its 
legitimate place in the Gay-Lussac tower. The cau.se of this 
failure is probably twofold : firstly, tho injurious action of the 
coke on the nijrous gases, which would thereby be reduced with 
formation of carbonic acid (</! Chaptet VI.); .secondly, the lack 
of any cooling, just as in Ward’s case (p. 649). 

The same objections hold good for the apparatus of Verstraet 
(/iW/. Soc. li'fticonnt!^'. i<S65, p. 531), which was worked in Paris 
for some time, but had to be abandoned as impracticable. It 
con.sisted of a number of stoneware jars without a bottom, 
covered 430 .sf). ft of ground, cost only 280, and was to supply 
daily a ton of sulphuric acid of loO 'Tw. There were twelve 
perpendicular stacks of five jars each, filled with coke and 
traversed by the burner-gas; nitric acid ran down over one of 
them, meeting the sulphur dioxide ; and the resulting acid was 
run over the other stacks in regular rotation. 

The apparatus of l.ardaui and Susini {Bull. Soi. Chhu., viii. 
p. 295) was founded on the same principle. Its peculiarity is a 
“ reaction-ap[)aratu.s,” whose lower part is filled with sulphuric 
acid, on the top of which a thick layer of nitric acid is floating ; 
the upper part, divided from the lower b)'a ^rerforated partition, 
is filled with pumice; the nitre-gas is regenerated to nitric acid 
by an excess of air and water in a .system of pipes filled* with 
pumice or coke. ^ 

ModutHkal (Bis-riti.im. —Tlfat mixing the gases alone is not 
sufficient is proved by the small success of Richter’s apparatife 
(Ger. P. ^5252), consisting of a steam-injector on the top of the 
chamber, which aspirate.s the gases from the lower part of the 
chamber and reintroduces them at the top. It is true that by 
this apparatus probably only a small jibrtion of the gases would 
be .set into circulation ; otherwise the draught would have been 
interk-red with in ah intolerable way. At all events no great 
advantage has been obtained by using it in all the factories 
visited.by «ne ; but at some placesji pertain improvement is said 
to have been produced by thfs means. 
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The same proposal has been made in a somewhat modified 
shape by N. P. Pratt (B. P. 4856 of 18^)5). He places a fan 
or steam-injector in front of the chamber, and a tower, fed 
with weak sulphuric acid, at the end of the chamber, the gases 
issuing from the top of tin's tower being re-injected into the 
chamber by means of the fan, Baffiing-colui#ns may also be 
placed within the chamber. Modifications of this system by 
the same inventor are. described in the Amer. Ps, 6526S7 to 
652690, and B. P. 10757 of 1899. 

Guttmann (y. Siv. them. Ind., 1903, |). 1332) recommends 
also placing the mixing-fans in front of the chambers, not, as 
some have done, at*the end of it. 

Rabe (Gcr. I'. 237561) produces in vitriol-chambers a move¬ 
ment of the gases according to the theory of Abraham, to be ex¬ 
plained in Chapter VII., viz., in a spiral wa)-, by mechanical means, 
or by means of sprays of cooled sulphuric acid of lower strength 
than chamber-acid, the spray being produced by chamber- 
ga.scs. .'\ further patent of his (Ger. P. 240474) tries to |)roduce 
the mixing of the gases in another way. In order to prevent 
the hot gases, cotning from the Glover tower, to flow along 
the top of the chandrer, partitions are provided at right angles 
to the direction of the gaseous current, reaching some distance 
downwards from the chamber to|) (from which they are 
suspended), and, if necessary, cooled by water. Or ebse a 
similar effect is produced by making the chamber ceiling 
inclined from the entrance to the outlet end. 

Th. Meyer’s tangential chambers” also belong to this 
clasf of ?ipparatus {ef. p. 622). 

^ Dr Burgemeistcr (private communication) proposed both to 
mix and to cool the gases by art'anging a number of lead pipes, 
15 to 18 in. wide, vertically between top and bottom of the first 
chamber, and cooling these by air passed through. ^ This plan 
is hardly practicable, as the immense extension Saf joints, 
especially at the bottom, will cause too many interruptions for 
repairs; but it can b* more easily carried out, according to 
Hartmann (Chevi. Zeit.^ 1897, p. 877), by constructing*these inner 
pipes or shafts in the same manner as ‘an ordinary cltambcr 
bottom, that is with a hydraulic lute, formed by turning up the 
chamber bottom round the iJottom of the pipes, Hartirfenn 
employed a number of such shafts, ^ x 6 ft. wide, and thereby 



664 


CONSTRUCTION'OF THE LEAD CHAMBERS 


obtained an increase in the production amounting to 20 per 
cent, viz. 0-9 to 10 cb.m, chamber-space per 10 kg. sulphur 
burned. [This is not particularly high.J 

Evers (Ger. P. 151723) de.scribcs an apparatus for mixing 
the gases, consisting of specially constructed tubes within the 
chambers. • 

E. l?lau (Gcr. P. 95083) injects a spray of cooled sulphuric 
acid into the first hot part of the lead chambers, in order to 
keep down tli^ temperature, and a spray of hot acid into the 
last part of the chambers where the refaction is sluggish and is 
to be revived in this manner. If the exit-gases thereby become 
too hot, they arc cooled by a spray of cold^cid before entering 
the Gay-Lussac tower. 

Fromont(l!. P.4X61 of 1907; Ger. P. 191723), for the purpose 
of promoting the removal of the heat and thus condensing water 
or dilute acid, makes the walls of the chambers of corrugated 
sheets of lead, the metallic shine of which has been removed 
by [iroducing a rough surface ; the chambers are moreover fitted 
with inward lead baflles, soldered on perpendicularly to the 
face of the siile. The roof of the chamber is for the same 
purpose shaped in an elliptical form, and inside the chambers 
diaphragms are arranged for increasing the surface. 

O. II. h.liel (Amer. P. 860968) describes lead chambers about 
three times as long as wide. The pipe coming from the Glover 
tower enters the end-w all of the first chamber in the centre of 
the wddth, about one-third of the height from the bottom, and 
inside the chandk-r it is conically contracted? At a lower level 
of the chamber end two pipes take the gases out and carry Uiem 
into the next chamber, after having joined in a common pipe 
W'hich ends conically w ithin th? .second chamber, like the gas- 
pipe fiom the Glover tow'er. Precisely in the same W'ay thtp 
ga.ses are taken out of the second into the tTiird chamber, and 
from thi 4 into the Gay-Lussac tower, so that all this piping is 
located at one end of the chambers, only at different levels. 
Steam.-pipes are arranged in the ccntre»)f all the entrance pipes. 

A new' style of chambers has been introduced by Fred J. 
Faidirig, 55 Broadway, New York (Amer. P. 932771 of 1909 j 
B. P. 26452 of 1909; Fr. P. 410556; Ger. P. 241509), about 
whfch li^ re^wrts in Hug. ami M)>,. J., \gog, pp. 441 et seg. ■ and 
/. Soc. Chem. Ind., 1909, 1032. Starting from* considerations 
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as to the production of heat in the process and to the convection 
currents set up thereby, he employs only one chamber (together 
with a cooler) of much greater height than had been attempted 
hitherto, up to 70 ft., with a horizontal section of 50 x 50 ft., and 
he makes the following comparison of the surface area of lead 
(7 lb. per superficial foot in all cases) requirtjd for the same 
effect:— 

(1) Chambers built, by himself near I’ittsburg and in 
Tennes.see. Capacity 175,CX)0 cub. ft. (4952-5^cb.m.), 19,000 
sq. ft. 7 lb. lead = 66-5 short tons (1765 sq. met = 60-315 met. 
tons). 

(2) Chambers elected by Dr 'I'heodor Meyer’s tangential 
plan {supn), p. C22). Capacity 174,4X0 cub. ft., 31,412 sq. ft. 
7 lb. lead= 110 .short tons (epl.S .sq. met = 9977 met. tons). 

(3) Ordinary horizontal chambers, 174,960 cub. ft. = 32,004 
sq. ft 7 lb. Iead=ll2 short tons (2973 sq. met. = to: ^eSq met 
toms). 

This shows a saving of about 40 per cent, of lead in high 
chambers of Falding's system for the same cubic capacity and 
irrespective of the increased efficiency of chamber-space. It is 
true that in his system the gases leave the chambers too moist 
and too hot to permit their direct admission to the Gay-I.u.ssac 
towers, and they mu.st be dried and cooled first; but this can 
be done with much greater economy than by providing additional 
chamber-.space. The results c|uoted from actual work are very 
satisfactory; there is no SO- left over when the gases leave the 
chamber, and the consumption of nitrate is reasonably low. 
The saving in ground-space is about 60 per cent. The chambers 
arf erected on a slab of reinforced concrete, covered with | in. 
asphalt, perfectly smooth, in oilier to receive the bottom lead 
ef the chamber. The framework consists of steel side-trus.ses 
with Z-bar post.s,'bolted to anchorage in concrete piers, and 
connected by angle-iron horizontal bars, which are cdnnected 
with the walls of the chamber by continuous horizontal lead 
straps, burned to the leaei sides and clamped and bolted to the 
angle-iron girts in such manner that the angle-iron is 7 n contact 
with the strap only and does not touch the lead .sheets. The 
roof trusses are connected by angle-iron joists. The framework 
is rigid and strong and affortjs ea.sy access for repairs, an<l paint¬ 
ing ; it comes at no point in contact with the chamber-lead. 
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The chainhcr-systcm consists of a cooler and a single high, 
tovvcr-lil<e chainhcr, i jto which the reacting gases are introduced 
at the top, and from which they are talfen away at the bottom. 
Tl\e proporjion of height to the diameter is as 3 : 2. The 
gases go first through a Glover tower, then into the chamber, 
then into a sniall cooling-chamber (also entering at the top), 
and at last into a Gay-Lussac tower. The cooling-chamber and 
the Gay-Lussac are cooled by running water over them ; the 
large chamber is not cooled, but sprayed with nitrous vitriol. 

I’eterseii (/. (r;/g’va'. Clii'in., 1911, p. 4 sSo) compares the .systems 
of Iddding .'ind ol d'h. cliaiiibii's, p. 622) as 

follows:—(1) The production in LaldinjJ's chambers, for the 
same consumpti(jn of nitre, is greater than in Meyer’s chambers; 
(2) The former laaiuire only about half as much ground-space as 
the latter; (3) 1 he action of the gases on the chamber-lead is 
much less in Lalding’s .system, where the gases descend uni¬ 
formly in the chamber, than in Met er's .system, where they are 
as much as possible Irroiight into contact with the chamber 
walls; {.|) Much less lead is rciiuircd by b'alding than by 
Meyer, as proverl by the figures given above. Petersen repeats 
his commemlation of Indding’s clnimber against the remarks 
of 1 h. Meyer in nwava'. Cliciii., 1911, p. I52rj, m/ciii /oco, 

p. 1811. 

Intcrmcdiitlc KtUhllon") ToiCi’rs. 

A further w.ay for increasing the production of acid is the 
employment of .special ///u///!;■ and tvolin* lowns and columns 
between the clnamfrers, even tt) the exclusion of all* chagibers 
except a first and perhaps a last small chamber. These “inter¬ 
mediate ” or “ reaction ’’ towers*havc had the greatest success in 
diminishing th<' space for the production of sulphuric acid. , 

One of the first attempts in this dircctitin was the plan of 
Thy.ss (<fer. I’. 302 ll), of which 1 have myself given a detailed 
description in Z. angnv. Chem., 1889, p. 265, abstracted in the 
second edition of this treatise, pp. 37J and 379, This system 
having completely broken down after a short trial, it may 
syffice to say that Thyss employed lead towers, provided 
with a number of perforated lead shelves over which the gas 
had to take a zigzag cour.se. These towers were not fed with 
any liquid, and consequently they must have become very hot 
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and could exert no cooling action ; the draught was very much 
impeded and the lead quickly corroded. Moreover, these 
towers cost twice as much as an ordinary chamber producing 
the same amount of acid. Still, although the Thyss columns 
w’cre both an economic and a technical failure, they proved 
that even in that imperfect form an intimate,mixture of the 
gases and their contact with solid surfaces considerably hasten 
the reaction. . 

Much better elaborated was the ])lan of Sorel (hr. I’, of 
lS86; cf. his Fabrication FAcidc sn/Jnriqac, p. 398, and Z. 
an^cif. Chem., 1889, p. 279). lie proposed to start with a 
small chamber; frftm this the gases were to pass through 
cooling-pipes and then through two or three towers, where 
steam is also injected, while acid of 1,4.2 to 150” Tw. is running 
down, the out-flowing acid not to fall below 1 310 I'w. Although 
he was then connected with one of the largest chemical works 
in the world, his proptjsal has never been tried on the large 
scale, probably owing to constructive difficulties; moreover, 
his idea of employing stronc; acid for feeding the towers would 
rob the process of most of the advantages of the principle. 

Lnne^e's l’/atc-toiL’ers.—-\\. is ])robably generall)' (most 
recently again by Hartmann in /^. aniirw. Chetn., 1911, p. 3303) 
rccogui.scd that the object in (piestion was first fully accom¬ 
plished by my platc-toivcrs (Z. angna. Chem., 1889, p. 3 '^ 5 )t >'1 
which 1 endeavoured to combine all the princi|)les hitherto 
recognised ;ts paramount in the mamifacture of sulphuric acid. 
In Chapter VI 1 ., wTien treating of the theory of the chamber- 
proc^iss, rve shall see that I formulate this theory as follows ;— 
Njtrous add (or anhydride), or in the fir.st part of the chambers 
nitric oxide, acts as carrier of “atmospheric oxygen and water 
•ipon sulphur dioxide, by which action nitrososulphuric acid is 
formed. This acicl, which for the most part at once dissolves in 
the sulphuric acid already pre.sent, like this floats abiftit in the 
chamber in the shape of a fine mist. When coming into 
contact with water, or, which is probably the usual casq, with 
dilute sulphuric acid, a decomposition takes placc’by which 
sulphuric acid is formed, and all the nitvous acid is returned 
into the atmosphere of the chamber to recommence the above- 
de.scribed action. . „ ‘ 

It is evident that all these itactions require in the first 
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instance a most intimate and constantly renewed mixture of 
all the i^ases, vapoum, and misty patjicles. In the ordinary 
large chambers a hjiig course, a vast space, and a correspondingly 
long time are needecl till the reactions are practically complete; 
that is, till nearly a*ll the SO., has been removed from the gases. 
If it were only the (luestion of a mi.xture of gases and vapours, 
probably very much le.ss time and space would be required ; 
but as both the nitrososulphuric acid nnd the dilute sulphuric 
acid, which an,- to act upon each other, are in the state of mist, 
that is, of minute liquid drojis, they may travel for some distance 
side by side without coming into actual contact and reacting as 
they are intended to do. In many similar ca.ses it has been 
found that simply mixing up the atmosphere in question is 
nothing like so efficient as presenting large s(did (or liquid) 
surdufs against which the gaseous current must strike in its 
progress. By the shock against these surfaces, and the loss of 
velocity thcreliy incurred, and undoubtedly also by surface 
attraction, the misty particles which would otherwi.se float about 
for hours in the same state arc condensed on those surfaces in 
larger drops or films, and then the mutual reaction above 
described, leading to the splitting up of nitrososulphuric acid, 
will take place at once. I'rom this we infer that we ought to 
arrange a number of large solid surfaces in the path of the 
gaseous current, in such manner that this current mu.st 
continually strike against them and be constantly broken up 
into small parts and mixed up again. (In^this respect Ward’s 
glass sheets, p. (>40, running parallel with the gaseous current, 
were not properly disposed.) • 

There is, however, another condition to be realised foi; a 
proper working of the chamber-process. As we shall see 
further on, it is indispensable that the temperature of thb 
chamber ic kept sufficiently low to condense the requisite 
quantity of aqueous vapour into liquid water or dilute acid, 
sufficient for decomposing the nitrososulphuric acid. As the 
reactions in progress within the chiftnbers produce a large 
quantity of heat, the process cannot go on without a portion of 
thut heat being abstracted again, which in the ordinary system 
is done by radiation from the ^hamber sides. The separation 
of the whole chamber-.space into several smaller chambers acts 
favourably in this respect, as \he ends of the c^hambers and the 
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connecting-pipes act as cooling-surfaces; and Sore! (p. 657) 
actually proposed increasing this by arrauging a set of cooling- 
pipes, which, however, would be nothing like sufficient for the 
purpose. My own plan is. however, different from anything pro¬ 
posed up to that time. I effect the necessary lowering of the 
temperature, not by radiation or convection to ^le outer air, but 
from within by a shower of water or very dilute sulphuric acid. 
Thus several objects are attained at the same time. The 
temperature of the chamber atmosphere is reduced to a proper 
level, parts of its heat Ijeing spent in heating and vaporising 
water; but this water is just what is required for carrying on 
the chamber-proces? itself, and thus a saving is effected in the 
raising of steam for the purpose of suppl)ing the vitriol- 
chambers ; I also supply this water in a finely divided form, 
and exactly where it is needed for meeting and decomposing 
the nitrososulphuric acid condensing on the solid surfaces; and 
by this cooling I protect the apparatus employed against rapid 
deterioration, such as occurred in the Thy.ss plan (p, 656). 

The apparatus employed is the “ plate-column ” or “ plate- 
tower,” invented by myself and patented in conjunction with the 
stoneware manufacturer Ludwig Rohrmann (B. I’.s. 10355 of 
18S6; 10037 of 1887; CqSqof 1889). It originally consisted of a 
column of large stoneware cylinders, filled with the plates 
forming the peculiarity of the invention; and this is the 
construction .still employed for nitric and hydrochloric acid (p. 
164); but for the purpose of sulphuric-acid manufacture it is 
constructed with a* leaden shell, <1, of either round or angular 
section, atid stoneware plates, /> h, as shown in Figs. 201 and 
202. The plates are supported by bearers, c c, in such a way 
that each plate is independent "of the others, and presses only 
upon the horizontal ledge of its own bearer, whilst the pressure 
of the superposed'plates and bearers is sustained by the vertical 
part of the bearers. The latter are easily arranged -so as to 
protect the whole inner surface of the lead against the attack of 
the chemicals and the high temperature ruling within. We do 
not here notice such parts as the feeding arrangemunts, inlet- 
and outlet-pipes, and the like, which requi»e no special explaqa- 
tion; the feeding arrangement will be described in Chapter 
VI., in connection with the "tjay-Lussac tower. _ A special 
explanation is only necessary for the plates b 6 . Fig. 203 shows 
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a small portion of their surface as seen from the top. Fig. 204 the 
same as seen from tljp bottom, h'ig. 205 a section of pieces of two 
superposed plates. * 



Fig. J04. 



Fig. 205. • 


, Each of these is-covered with a network of small ledges, d d, 
and in each of the squares thus formed there is a perforation! 
e e, with ^somewhat raised ma*rg^. The height of this margin 
is not quite so great as.that'of the ledges, hence there is always 
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a layer of liquid about J in. deep in each of the squares; and 
as there is always more liquid droppinfj in, the excess is forced 
out through the perforations drop by drop. The plates are not 
identical in shape, but differ as to the position of the holes. To 
each perforation in any one plate there corresponds the point of 
union of the ledges in the plates above and bclc«tv (see Fig. -05). 
Hence the liquid cannot drop straight through the lioles in the 
following plates, but it strikes the soliil portion of the next plate, 
is scattered about, and is divided among the adjoining sipiarcs. 
This action is repeated from plate to plate. Thus the thin layer 
of liquid resting upon the plates and clinging to the holes is 
constantly renewed,'and by the scattering about of the liquid 
another absorbing surface is created. 

The gases and vapours rising within the tower pass through 
the numerous holes of the lowermost plate and arc thus divided 
into a great number of fine jets. Immediately on issuing 
through the holes of this plate, the\’ strike against the solid 
places in the next plate above, which correspond to the holes, 
and are thus divided and again mixed; .and this process is 
repeated as many times as there are plates provided. Whilst 
the gases and vapours thus travel upwards in continuously 
renewed mixtures, they come into the most intimate contact 
with the absorbing-liquid, which they meet within the narrow 
holes on the plates and scattered all over in fine drops. Hy the 
incessant changes in the direction of the current, and the equally 
ince.ssant renewal of tl^e surface of the liquid, the most favourable 
conditions are produced for a mutual action of the gaseous and 
liquid substance.s. Owing to the principle of the apparatus, no 
false channels can exist in which the gases or liquuls would travel 
separately without coming into proper contact with each other. 

• This circumstance partly accounts for the enormous 
difference in condensing-power between the “plate-tower” and 
a perfectly well-constructed and packed cokc-tower,"or any 
similar apparatus, fitted with pieces of pottery and the like. 
The liquid within a coke-*ower is never quite evenly distributed ; 
there are always many places where it drops down .a''consider- 
able height without meeting a piece of coke, and where, on the 
other hand, the gases find channels in which they can ascend 
without for some time gettigg mixed and coming iBto {ontact 
with liquid. Moreover, the individuel gas-channels are too 
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wide, and the inner portion of the gaseous current does not 
enter into reaction with the absorbing-liquid. This is unavoid¬ 
able, because the interstices between the pieces of coke are quite 
irrep'iilar, anti therefore the section of the tower must be made 
wide enou^Ii and the pieces of cuke lar^e enough to secure a 
sufficiency of (Jeaught for the worst case. Nor, as experience 
has demonstrated, have any arrangements of cylinders, pipes, or 
other jneccs of potter)’ hitlmrto had a^ better effect than coke. 
Hence coke-towers must be made very wide anti high, thus 
giving a long time and corresponding»opportunities for mixing 
the gases and enabling them to come into contact with the 
liquid ; and in this way the reaction is certainly very complete 
at the end. liid this enormous enlargement of space can be 
avoided b)’ the sy stematic way in which, in the plate-tower, the 
gaseous current is .split up into upwards of a thousand very thin 
and exactly equal jets, which must continuall)' alter their direc¬ 
tion, and must therefore become thoroughly mixed each time 
they pa.ss through a new plate. On their way they come into 
the most intimate contact with constantly and systematically 
renewed thin la) ers of liquid. The network of ledges prevents 
any unequal dow’iiward passage of the liquid, unlike the action 
of coke-towers or of any other hitherto know'n form of similar 
apparatus. Perhaps a still more important difference is the 
followingThere is a very thin and constantly renewed layer 
of liquid spread over each plate, and the gases, in passing 
through the perforatit)ns of the plate, must frequently break 
through the drops of li<iuid. This seems to produce an action 
somewhat similar to the Coffey still or other “ ?ectif)iing ” 
apparatus, and it may to a great extent explain why such an 
intense action takes place in so^mall a space. 

Owing to these advantages, a plate-tower, in comparison 
with a co^cc-towcr, does from ten to twenty tunes as much work 
in the sSme cubic space. It can therefore be made not merely 
much smaller in .section, but also much low'er in height, and 
the fyeding-liquid requires correspondingly less pumping. A 
column eff 40 plates would be only 18 ft. high. The above is 
a , comparison bctw"ccn plate-towers and coke-towers; the 
difference between the former and empty chamber-space is 
much grery^er, as we shall see.* ^ 

In our present case»it is of special importance that the 
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injurious action exerted by the reducing poucr of coke upon 
he nitrous gases (p. 350j is avoided, the stoneware plates being 
absolutely stable in the chamber atmosphere if manufactured 
of proper quality. The plates, therefore, la.st for ever; even if 
cracked they may .still continue in u.se. 

When a plate-column is partly obstructed by fnuddy deposits, 
it is very easily cleaned out by a thorough flu.shing with water, 
or, in bad cases, by removing the cover and lifting out one plate 
after another. • 

Apart from the great constructive difference between the 
plate-towers and all jireviously proposed apparatus, there is an 
equally great difference in their mode of application. If the 
tower were left to itself, like Ward's or Thyss’s apparatus (pp. 
649 and 650), the very completeness of the mi.xturc produced 
therein would produce an intense chemical reaction, and, con¬ 
sequently, a very injurious development of heat. This is, how¬ 
ever, entirely avoided by feeding the towers with a .stream of 
water or dilute sulphuric acid, at such a rate that, by the vapor¬ 
isation of water, the temperature docs not rise above 70 or 80'. 
The intimate contact between ga.seous and liquid [jarticles within 
the plate-tower must bring out the cooling action of the evapora¬ 
tion of water to its fullest extent, and at the same time the water 
required for the chemical reactions of the acid-making process 
is .supplied here without any previous production of steam or 
spray; the superfluous steam pa.s.ses over into the next chamber 
and does its w'ork tljere. The acid running off at the bottom is 
either use^ up as it is, or is run into one of the chambers, or it 
is employed for feeding the Gay-Lus.sac tower. 

,In plate-towers there will always be a great excess of 
nitrous gas and of oxygen ; hence there is very little fear that 
even when employing water for feeding them there will be the 
conditions present for the formation of nitrous oxidc^ which 
would mean a waste of nitre. This can be avoided in any case 
by feeding the eolumns with sulphuric acid of 1-3 sp. gr. or 
upwards, since I have alfeady shown (/At., 1881, p..220®; cf. 
su/>r(}, p. 337) that in this case no N„0 whatever is formed. 
In practice such dilute acid or chamber-acid is emplojed fOV 
feeding the columns. , 

The principaj advantage* of this system is thaJ, like the 
Glover tower, it briirgs about the mu'tual Action of the ingredients 



666 toNSTRUCTION* OF THE LEAD CHAMBERS 

within the smallest possible space. We shall see in Chapter VI. 
that I cub. ft. space ift the Glover towej- effects the formation of 
as much acid as at Ica.st i8o cub. ft. of ordinary chamber-space ; 
and a similar difference may be looked for between the latter 
and the plate-towers to be interposed between the chambers. 

We will ikAv consider the que.stion whether the thermal 
effects produced in that system are not excessively large or 
small. The heat of forming Il.,SOj'from SO.^-fOd-HjO is 
54 , 4 CX 3 calorie*; to this must be added the heat produced in 
the formation of ordinary chamber-acid, say of IIO Tw., or 
II.,SO,, 3ll./)=n,ioo calories; altogether 65,500 calories. 
This is the heat produced in the formation of a quantity of 
chamber-acid corresponding to 98 g. of H.jSO,, and it is very 
little more than would be required for converting 98 g. of cold 
water into steam. This ijuantity of water then would have to 
be evaporated within the tower in order to absorb all the heat 
produced in the acid-forming process, on condition that the 
acid nui.st nm out cold at the bottom and that the tower would 
lo.se no heat by radiation. But as the former condition is 
unnecessary, .and the latter even impossible to maintain, the 
quantity of water evaporated will be less than the weight of 
monohydrate produced, and will probably be very nearly equal 
to that required for the chamber-process, viz., three-quarters of 
that amount. Any deficiency of water could, of course, be 
made up by steam, probably best by means of an injector 
placed in the outlet-tube from the plate-toi^'cr. 

As a practical way of applying the new system, J proposed 
from the first the following plan:—Considering that by far the 
greatest portion of the acid is made in the first part of ^the 
chamber, we cut off the back part altogether, and leave behind 
the Glover tower a chamber of only about 50 ft. length. Behind 
this we^place a plate-tower of sufficient section for the amount 
of gas to pass through and 40 plates high (say 18 ft). Then 
comes a small chamber, say 30 ft. long, again a plate-tower, a 
last ehaiT\ber for drying the gases, antf in the end a plate-tower 
serving as Gay-Lussac tower. 

* The question m'ight be raised why I did not propose to 
carry on the whole of the splphuric-acid-making process in 
plate-towtfrs or similar apparatus. But a glance at the curves 
shown in Chapter V 111 'will show that th« first part of the 
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first chamber is really very efficient, and whilst the gases arc 
of such concentration a Jead chamber is possibly the cheapest 
apparatus for making sulphuric acid. As soon as the curves 
begin to bend towards the horizontal, that is, when*thc reactions 
become .sluggish, it is time to liven them up by apparatus like 
the plate-towers. But if such were attempted tfc be used from 
the first, the heat would become e.xcessive, which would be very 
injurious both to the mat<crial of the apiiaratus and to the proces.s. 
For this reason the process proposed by l [annay«(B. B. 12247 of 
1886, cf. Chapter XII.) is'not likely to be practically successful. 

The first factory which ventured to try my plate-towers 
(which have become known as “ Lunge towers,” both in their 
application as intermediate “ reaction ” towers for the vitriol- 
chambers, and as replacing coke-towers fur the recovery of 
nitrogen acids, for condensing hydrochloric acid, and so forth) 
was the old-established acidiworks at Lukawetz, in Bohemia, 
soon followed by a factory at Valencia, in Spain, both in 1891, 
and by others in various countries. Of course here and there 
difficulties were experienced, principally cau.sed by the obstruc¬ 
tion of draught. Thus in Z. Chc»i., 1895, p. 407, 1 ’. W. 

Hofmann alluded to a trial which failed because the holes in 
the plates, 8 mm. bore, became filled with liquid and thus stopped 
the draught. I myself (ibid., p. 409) completely refuted this 
objection, mentioning that already about 200 plate-towers were 
then at work, most of them with even smaller holes, and a large 
number with 8 mpi.‘holes, in sulphuric-acid work.s. These 
works haej been very successful, as was authentically proved by 
the replies to interrogations put to certain firms, which also 
sh^w that, if the section of the tower is sufficiently large, no 
trouble is caused by draught of ttic kind mentioned by Hofmann. 
Since the principle of artificial draught by means of fan-blasts 
is becoming more and more applied to vitriol-chaniber.s, the 
complaint against the plate-towers on the above ground is 
practically meaningless. 

The greatest develojSment of the plate-tower .system* took 
place when H. H. Niedenfirhr, chemical engineer of Berlin, 
took the matter in hand. He designecT and started mary 
chamber-plants on that system^ and studied all the conditions 
necessary for success, so th^t»l shall refer principally«to him in 
the following description. 
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The part played by the Lunge towers in the manufacture 
of sulphuric acid lias ^)een discussed aj length by Niedcnfiihr, 
in Chm. y.i-il., 1896, p 31. According to him, plate-towers 
are not very well adapted for replacing the whole of the 
ordinary vitriol-chambers ; the first part of the process is always 
best carried ou>in a single lead chamber, as here the gases are 
still sufficiently concentrated to react u|)on each other. [In this 
view, as well as in all other essentiat |>oints of Niedenfiihr’s 
paper, 1 fully lioncur.] I lere also the flue-dust and the excessive 
ri.se of temperature would act injurfously. Hence it is not 
advantageous to place a Lunge tower between the Glover tower 
and the first chamber, but it should be placed in the central or 
back |)art of the set of chambers. Kven then the results 
obtained with the.se towers do and must differ at different 
work.s, according to circumstances, viz., the available chamber- 
.spacc, the ilranght, the size of the burners and of the connecting- 
pipes, of the Gay-Lussac tower and so forth. In .some cases 
the working-capacity of the tower is partly taken up for 
correcting some fault in the set of chambers to which it has 
been applied. Niedenfiihr iiuotes the following special instances 
of the work done by Lunge towers, as personally observed by 
him in the cases stated. 

In one ca.se, a Lunge tower was placed between the two 
chambers of a set, which were of equal size ; the total length of 
the .set was 193 ft, 6 in. and its contents = 94,6.30 cub. ft The 
quantity of Sicilian sulphur burnt previou^sly did not exceed 
30 cwt. per twenty-four hours ; but after putting up tl;e tower it 
could be rai.sod to 46 cwt,, evidently bccau.se the time and the 
length of the path of the gases had been thereby increased, to 
such an extent that the set could be worked with stronger 
draught, and more sulphur could be burnt accordingly. Ih 
another c«.se (4 chambers, total capacity 38,150 cub. ft., length 
78 ft. 6*11.) the production could be increased from 15 to 18 cwt. 
of Sicilian sulphur per day. This means that some improve¬ 
ment-had been effected, but principally in this respect, that the 
previously observed fault, viz., the carrying forward of the 
process into the Gay-Lussac, was now avoided. In a similar 
case, the production rose from 16 to 19 cwt. of sulphur; in both 
cases less»nitre was consumed thaji previously. The towers 
thus spent part of their tfificiincy in correctii^ the faults of the 
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old plant, and this in many cases would be a very desirable 
object; but the (luantitative results tiius obtained do not 
represent the whole of the working-capacity of the towers, 
which in sonic more favourable cases has admitted of increasing 
the production by 45 per cent. Nearly in every case observed 
by Niedenfiihr this capacity of the towers* had not been 
exhausted, for the chamber following upon the towers had 
hardly any more work to do; more work could have been done 
by increasing the number of the burners, by, enlarging the 
connecting-pipes, or by other suitable nicasurcs. The very low 
temperature of the back chambers in this case, however, is 
u.seful in condensing ]iart of the nitrous gases and lightening 
the work of the Gay-Lussac tower, h'orincrly the acid from the 
Lunge towers was sometimes too nitrous, but this drawback 
has been avoided by feeding the towers with acid of from 38 
to 42' Be. (.s[). gr. 1-357 to 1-410). 

The Lunge tower cannot be simpl)- substituted for a Glover 
tower, as the holes of the plates would be too quickly stopped 
up by flue-dust, and in washing this down they would easily 
crack. Niedenfiihr, however, recommends placing a few tiers 
of plates with Lin. holes in the uppiw part of the Glover tower. 
Me quotes a case where a Lunge tower was found speciall)’ 
useful in completely denitrating chamber-acid required to be 
entirely free from nitrogen compound.s. \CJ. another case of 
special utility in Chapter VI.] 

Especially good "results have been obtained in a number of 
cases, peponally observed by Niedenfiihr, where plate-towers 
were employed as auxiliaries to Gay-Lussac towers. They act 
nyt merely in promoting the ab.sorption of the nitrous gases, 
but also in rendering the chamber-work much more regular, 
especially in places where the chambers are subjected to sudden 
changes of weather, gales, etc. , 

Niedenfiihr in the above-quoted paper makes cerFain pro¬ 
posals for the erection of sulphuric-acid works, forming a com¬ 
bination of chambers and plate-towers, which we do not. quote 
here, because they are rendered obsolete by recent exiierience, 
the result of which will be noticed in "Chapter X., where* a 
complete plan for this purpose will be given. \Cf. also p. O76.] 

Liity {Z. an^ew. Chem^ 1897, p. 484) also discus.ses at length 
the function of " Lunge towers ’’ aS intermediate reaction-towers. 
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Me quotes the results of ten different works employing such 
towers between the .chambers as means for reducing the 
chambcr-s[.ace, from England, Scotland,Eiiain, Russia, Denmark, 
showing a Ivgc saving of space, without any increase in the 
consumption of nitre. He also gives detailed estimates showing 
that, apart from.the saving of ground-space, a set of chambers 
provided with such reaction-towers costs 35 per cent, less than 
ordinary chambers for the .same production. 

Eater on, ^v'iedenfuhr (C 7 o’w/. Zeit., 1897, No. 20) quoted 
practical results from two hmgli.sh u^orlfs. One of them replaced 
the last chamber of a set, with a capacity of 38,390 cub. ft., by 
a I-unge tower of 256 plates in 16 layers, \^ith the same make 
as before. Here each plate actually made 10-6 kg. lE.SO. in 
twenty-four hours, or 216-7 kg. per cubic metre of the space 
filled with plates, (.g. about one hundred times as much as 
ordinary lead chambers. Another factory, with very poor 
gases, still made .St'.- t kg. n,SO.| per cubic metre of platc-space. 
[Cf. ;ilso 7 f. ( //<■/«., 1900, p. 960.J 

Niedenfuhr (private communication) gives the following 
detailed instructions for the building of Lunge tow'ers, taking, 
for instance, a tower of a sectional area of 20 plates, 2 ft. square 
each, placed 4x5. 

A brick foundation is usually made, but in case of need the 
tower can be placed on the llooring surrounding the chambers, 
if properly supported. The leaden shell is erected, with its 
outer frame of wood and a lead bottom. On this a dwarf wall 
of 9-in. fire-bricks is placed all round the cfrcumference, and a 
central supporting pillar. This wall supports an iron frame, 
consisting of one or more (in this case of six) pieces. The 
middle pillar supports the placJs where four of the six pieces 
meet. The iron frame is covered with lead, the joints being so 
arranged that the upper, bearing surface remains free and 
smooth.' On this frame the stoneware bearers (Figs. 206-211) 
are placed. There arc corner pieces, a, which carry one of the 
corners of the plates, the three othtrs being .supported by 
T-picces,*'/', and cross-pieces, r. Between these pieces the 
lo^igitudinal bearers-are placed along the lead sides of the 
tower. In order to prevent any shifting of the pieces, wedges 
are put in suitable places. * ^ 

Upon the frames thus prepared the Lun^e plates are put, 
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and after finishiiif; off one layer the parts forming the next 
frame arc placed u^on the corresponding cross- and angle- 
pieces, etc. The parts <t, h, c are so cho.sen that there is a 
di.stance of, 2! in, between the single layers of plates. If a 
greater distance is desired, we place below the parts a, b, c 
other cross-, #T-, and angle-pieces, /),, c,, 3-14 in. high. 
According to the number of layers of bearing-pieces we 
designate the distance from plate tu plate as single, double, 
treble, etc. 'j'he tower in question has in its lower part 10 layers 
at single distances and 6 layers with flouble distancc.s. 

The top of the tower is made of lead, and is provided 
with a proper feeding arrangement. * 

If plate-towers arc to be combined with existing .systems, it 
is of course neces.sary to consider the place and level where the 
towers arc to be erected, and their dimensions, in connection 
with the exi.sting circumstances, so that it is difficult to lay 
down general rules. But where new jilant is to be erected, 
long experience now admits of establishing certain rules. 

It is [Kcssible (as Mr Niedcnfiihr later on pro|)0,sed) to replace 
the lead chambers altogether by Lunge towers, by taking care 
to erect the first part with as little loss of draught as possible, 
and to remove the heat of reaction to the necessary extent. This 
is done by making the reaction-towers, immediat dy following 
the (ilover towers, of a wider section, and providing them with 
a very efficient feeding arrangement. The last towers must be 
made narrower than corres|)onds to the volume of gases passing 
through the first lowers, so as to exert a certain pressure on the 
gases which promotes the reaction. The plate distances iu these 
final towers must be kept smaller than in the first towers. 

The horizontal sections oT Lunge towers may be chosen 
according to the following particulars:— 


Nunih'r of jiUIbh to U fmitlnyeii rn'r ton of Hulplmr 
Imriit til lweiity.f<mr lumrs t<» repiact* ttio fhiimberji 
.Siiljilinr to Iw burnt ja'r in «ll»eroiit parts Uh- ayatr-m - 

twflnty-fuur hotiin. _ 

, III front. ■ In the niM'llo. In the rear. 


Up to 1 ion S . • . : 

la { 

10 

6 

From 1 to tons S 

la to 10 1 

« 1 

10 to 8 

6 to 5 

From^ai to 5 tons S 

10 to 6 • b 

8 to 5 . 

1 5 104 

• ' 

* 

_ 
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The number of layers for a given production is calculated 
as followsIn the first Jhird of a system^where the plates arc 
at a treble distance from each other, each plate may be assumed 
to produce in twenty-four hours from lo to 12 kg. II.SO,; in the 
second third, with double distances, each plate = 6 to S kg. H.^SO^, 
in the last third, with single distances, 1-25 to 2 kg. H.^SO.,. 

Just as it is irrational to make a chamber-.sy.stcm of one 
chamber only, which favours the diffusion of the inactive 
residual gases with the active ones, it would be, wrong to try 
manufacturing with one ’tower only, instead of dividing the 
work over several towers. 

Mr Niedenfiihr believes the following arrangement to be 
suitable for working with towers alone, without chambers 
(Fig.s. 212 and 213). The burner-gases pass through a into 



Fig. tti. 


a preliminary tower b, and through c into the fan-bla.stV, which 
conveys them through e to the denitrator f. This apparatus is 
fed with nitrous vitriol and warm water or dilute acid so as to 
furnish acid of 5^'^ 116 . (= I'w.). It also receivos the; nitric 

acid required for m» king up the losSes. <lt is packed like a Glover 
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tower, preferably with dish-like packing. Part of the acid 
here made is emplojied for feeding tower b. This denitrating 
tower is constructed on the same principle as Niedenfuhr’s 
ordinary Gl<jvcr towers [cf. next Chapter), viz., with an interrup¬ 
tion of the packing intended to facilitate the cleaning of the 
bottom part, awl with sufficiently large openings for the pas.sage 
of the gas. In tower b the acid with which it is fed is con¬ 
centrated, the gases are purified and p:irtly cooled so that they 
may pa.ss thtough the fan-blast without any trouble. They 
effect the denitration in / and then f)ass through g,, to the 
first plate-tower //; pipes ,;,>•„ .-r, as well as the further pipes 4, 
are provided with steam-pipes. Tower b is filled with 12 layers 
of 24 plates each in treble distances; tower k with 18 layers of 
20 plates each in double distance.s. In h and k the gases enter 
at the bottom anrl issue at the top; but in the last reaction- 
tower m they enter at the top and leave it at the bottom through 
«, which arrangement has been found to give the best result. 
Tower ///contains 30 layers of 12 plates each in single distances. 
The gases now pass into the first Gay-Lussac tower 0, contain¬ 
ing 16 l.ayers of 9 plates each, then into the second Gay-Lussac/, 
packed with coke, and finally through </ into the open air. 

The acid coming from the first Glover tower, b, is freed from 
most of its impurities by means of an air-cooler. 

The just-described system would .serve to treat the gases 
from 2500 kg. = 2l tons sulphur per diem. The production of 
acid would be divided as follows:— ^ 

Tower h, 2Sa plates at to kg. ILSO, 3168 kg. •Il.jSO,. 

>» 4 ', 360 ,, ,, 7 n » '' 2520 ,, ,, 

„ ///, 360 „ „ 1-75 „ „ " 630 „ „ , 

(Hover anti (lay-I.tissac Towels . . 882 „ „ 

Total . . . y200 „ „ 

If t<ie same production is to be attained by means of a 
combination of chambers and plate-towers, this can be done as 
shotyn in Figs. 214 and 215. • 

FronT the Glover tower, </, the gases pass into a lead 
(jhamber, //, containing 1064 cb.m. = about 38,000 cub. ft., 
provided with air-cooling shafts, c,, o, {cf. p. 653). In this 
case no fa.n-blast need be empfoypd, but the ^ases must have a 
sufficient upward draught fr( 5 m the burners ^o the Glover tower 
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and from this to the chamber b. Now come the two plate- 
towers d and c. These, as well as tower ti^may be placed at a 
lower level, which is all fhc better for the work. The Lunge 
tower d contains 20 layers of 20 plates each in double distances, 
tower (’30 layers of 12 plates each in single distance.s. At c 
the gases are passed in at the bottom and out at the t0(), and 




then through/into the first Gay-Lus.sac tower (a plate-tower) 
into the coke-packed Gay-Lussac /i, and through t into the open 
air. The production will Ge approximately divided as follov's;— 


Chamber 6 , 1024 cb.m, at 2-75 ki,'. 
Tower (/, 4<xi plates at 7 kg. . 

„ r, 3O0 „ at 1-15 kg. 

Glover and (iay-Lussac Tow’ers 


. -- 2926 kg. H,SO,. 
. - 2 'iOO „ „ 

• '■> 3 ° .. 

644 .. U 


Total. 


7200 
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In a similar way larger systems can be constructed with one 
chamber and a suitable number of I.ungc towers. Mr Nicdeii- 
fiihr would not even for the largest .sy.stcms propose more than 
two chamb^;rs, placing between them a very wide plate-tower 
with great distanees, and behind the second chamber all the 
remaining towers. In Chapter X. complete ])lans will be 
given fir .such a combination. 

In order to apply the I.unge tower.s to exi'-ling systems, for 
the purpose yf ijicreasing the production, the circumstances of 
each ca.se must be critically consiilererl in the light of the large 
experience now gained. It will usually be best to place the 
lowers behind the last chamber. The horizontal .section of the 
towers can be calculated from the last column of the t.dile given 
on p. 677; in the case of very large .systems from the .second 
and the last column ; with good draught the plates should be 
kept at single or double distance.s. 

If, however, plate-towers are to be placed /v/avc/z existing 
chambers, all the conditions of the .system must be carefully 
considered according to the experience gained therewith. 
Above all, the towers in large systems should not be arranged 
just after the front chamber, but between the back ch.ambers. 

I he horizontal sections, the jilaces in the system, etc., must be 
calculated according to the general instructions given above. If 
we were, for instance, to place a I.unge tower between .No. 1. 
and No. II. in a .system of four chambers, the last three 
chambers would do very little work. It will be much better to 
place the tower between Nos. III. and IV. or behind No. IV. 

Mr Niedenfiihr thinks that, in view of the cmisidarable 
saving of expense eltected by these improvements of ^he 
ordinary cluunber-process, the ^:ontact systems cannot compete 
with the former in the production of acid u|) to 142 Tw., and 
their superiority comes in only for acids above that strength. 

A Airy instructive plant was erected by Mr Niedenfiihr 
at the Lazvdiuttc works. 1 he chamber-system consisted 
origipallyMif four chambers, with a tofcil capacity of 71 to cb.m. 

( = 250,050 cub. ft.), and three Glover tower.s, two of which were 
qjways working at the same time. In 1900, working with zinc- 
blende and “ forced style ' (p. 639), this set produced on an 
averaj^e 25,580 kg. acid of 50 IIeT( 196^ Tw.) per twenty-four hours, 
with a consumption of 3*3 nhric acid 36 Helper cent, sulphuric 
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acid. In 1901 four Lunge towers were erected behind the last 
chamber, viz.: No. I. 12 layers at 20 plates, double distances; 
No. II. lO layers at 20 pfates, partly single, partly double dis¬ 
tances; No. III. 25 layer.sat 16 plates,single distances ; No. IV. 
(acting as a first Gay-Lu.ssac tower) 18 layers at 25 ])latc,s, single 
distances. The production now rose to 36,458 kg.mcid of 50“ He., 
consuming 1-90 per cent, nitric acid 36' He. per cent. .sul|)huric 
acid. Evidently the plant was not working up to its full capa¬ 
city, but as there was not enough draught, a fan-bkist was placed 
behind tower No. IV. Tlfc production of acid rose at once, but 
during a few daj s also the consumption of nitric acid (to 4-76 
acid 36' He. per cent.). When, by a number of tests, the draught 
had been properly regulated (although not to the fullest pos¬ 
sible c.xtent, since there was onl)’ a temporary source of power 
for the fan-blast, to be replaced by a better engine at the first 
opportunity), the |)roduction ruse pennaTiently to 44,600 kg. 
acid of 5 P' He., with a cunsuin|jtion of only 1-7 percent, nitric 
acid 36 He. This, for Ujrpcr Silesian zinc-orcs, is a most excel¬ 
lent result, both as to production of acid and saving of nitre. 
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j.f, 38 

1 7-4 
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.30 
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The above estimations of temperaturx and manometric^ 
pressure, made with this .system, after the erection of the plate- 
towers, at three specified time' (viz., before and fitter the 
increase bf draught Vy means of thofan Jjiast), arc quotetf here 
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for the sake of indicating their connection with the above- 
mentioned alterations, but we shall later on describe the regula¬ 
tion of tcm|rerature and draught of chHiiiber-sy.stcms. 

Other Aj’piirdliis e// the I'n'ttei/’lr oj I’hUe towers. —After the 
success of the [)rinci|)le embodied in the “ [date-towers" had 
been thoroughly established, it was only natural that other 
inventors should try, more or less successfully, to attain the 
same end by other means, not coyiing under the Lunge- 
Kohrmann [[jitents. This was all the more likely, as the price 
of the “ [dates” and the fittings belotiging to them was at first 
rather high, owiiig to the technical difficulties of their manu¬ 
facture. Since these difficulties have been entirely overcome, 
the price of the [dates, etc., has been so ver)- much reduced that 
most of the imitations have lost even an\' advantage in re,s[)cct 
of first cost, apart from their inferior efficiency. 1 shall, how¬ 
ever, quote all the more important of these imitatioms. 

One of the idijects aimed at by some of the inventions 
concerned is to avoid an)’ impediment to the draught, for which 
the [)late-towcr.s are .sometimes blamed. As we have seen 
(p. 677), this objection is of no account in view of the ease with 
which the chamber-draught can be regulated by fan-blasts, and 
it should be borne in mind that the efficiency of an a[)paratus 
of this kind is practically pro[)ortionatc [)rccisely to its draught- 
impeding ca[)acit)’. 

Hacker and Gilchrist (H. T. 15895 of 1893) employ the same 
principle that 1 have adopted in the “ plate-towers," to which 
they expressly refer. Instead of m)’ geometrically constructed 
stoneware plates for dividing the gases, the liquid acid, add the 
acid vapour, they use a number of horizontal lead ti^bes, 
running from one side of the fower to the other and alternating 
in po.sition. These towers, which they call ” pipe-towers,” are 
fed witlj water or sulphuric acid ; cold air is drawn or blown 
throucfli the pipes. A paper in /. Soc. Litem. I ml., 1894, p. 1142, 
contains a detailed account of this system, in discussing which 
several speakers threw great doubt»upon its efficiency. This 
is hard^ just, as the introduction of these “ pi[)e-tow ers ” into 
4nany American factories seems to show. They cannot possibly 
do as much W'ork as “ plate-columns ” of the same size, but 
undoubtedly they are of .some yse. Another paper on these 
towers was published in J. Soc. Chem. /«</.,V899, p. 46ijcontain- 
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ing some improvements in details. The success of this system 
as intermediate towers b^ween tlie chainbSrs is the best proof 
of the correctne.ss of the principles wliich led me to the construc¬ 
tion and application of the “plate-columns,” of which the “pipe- 
towers” are an imperfect imitation, made of a material liable 
to corrosion instead of indestructible stonewafe. A similar 
plan is that of VVinsloe and Hart (B. 1 ’. 20142 of 1901), who 
employ perpendicular aii^cooling pipes in a shaft connecting 
two chambers. ^ • 

Hart and Bailey (/. Sac. Cltcni. hid., 1904, p. 473) describe 
a plan exactly siinihy to Hacker and Gilchrist’s pi|)e-towers, 
only of somewhat larger dimensions. They found a cooling- 
action of nearly 40° C., an increase of production of 60 per 
cent., and a decrease of nitre of from 3-5 down to almost 2 0 
per cent. All this agrees perfectly with the views first clearly 
stated by the author of this book. The acid scrubbed out in 
their pipe-towers contained practically no nitre. [They state 
the strength of this acid to vary betw’een yo and 120 Tw., but 
they do not distinguish between the reactions shown by the 
lower and the higher of these strengths. While at the lower 
strength no “ nitre ” could be retained, it is inconceivable that 
acid of lao" Tw., condensed from the vesicular to the completely 
liquid state in an atmosphere of nitrous tunics, should not 
contain any nitre!] 

Rabe {/.. aiigcw. Chnii., 1903, p. .(.37) makes general observa¬ 
tions on the principles on which towers are constructed. He 
also describes a feeding-arrangement with automatic movement 
and arfangeraents for internal cooling of such towers. 

Benker (Fr. P. 238872) places ^letween the chambers leaden 
towers, 5 ft. wide and 20 or 25 ft. high, fitted with earthenware 
cylinders 4 in. wide and 3 to 4 in. high. Thc.se are fed with nitrous 
vitriol from the Gay-Lussac towers at the top, and with a»s 4 eam- 
jet at the bottom. The strength of the out-flowing acid is 
maintained between 112’ and 123° Tw.; it is kept a little 
nitrous, to avoid the reduction going too far. Such a fow'er is 
placed behind the first chamber, which is made large enough to 
consume all the steam coming from the Glover tower; another* 
tower is placed between the secoryi and third chambers.—This 
is, of course, a simple imitatiorf of Lunge towers by cheap^ but 
imperfect means. 
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Gultmann (Ger. P. 91815) recommends as a “packing” for 
reaction-towers perfflrated globular btjdies made of earthenware, 
glass, or metal. .As shown in Fig. 216, the perforations are 
continued mto short pipes turning into the inside of the globe. 
These bodies may also be undulated inside and outside, to 



increase the acting surface. 
They can be put into the 
tower without any special 
care in packing. The liquid 
runs down both inside and 
outsidjj, and the gases are 
well mixed. 

Nicdenfiihr objects to 


hollow balls on the system of 
Guttmann and others, because, firstly, most of the perforations 
get closed up when filling the tower; secondly, the gases are 
sure to take the easier way round the balls, instead of forcing 
their way with increased friction into the interior, ,'ind whiatevcr 
does enter the balls will remain there for an indefinite time 
without taking part in the reactions. 


Heinz (Z. .ui^rw. C/iciii., 1906, p. 705) considers Guttmann's 
globes to be the best possible packing for Ga>’-Lussac and for 
the upper part of the Glover (in the lower part of the Glover 
they arc too quickly stopped up by mud)'; also for intermediate 


towers. According to his calculations they cost only one-fifth 
of “ plates,” and a Guttmann tower cos).s Ic.ss than half of a 
coke-tower of equal duty. 


Lunge p. 1125) controverts the calculations of'Heinz, 
which are made entirely on jJaper, without any regard tp the 
complicated conditions ruling in practice. 

Another kind of reaction-apparatus consists of the ' Kegel- 
turme •(cone-towers) of the Bettenhausen ceramic w'orks. They 
arc fined with slightly conical bodies, open at the bottom and 
provided with a shallow basin at the top. Niedenfuhr {Chem. 

thej' arc much less active in 
dividing the gas than Lunge plates (only from 14 to 138 times 
• per square metre’ against 24.00 times in the case of Lunge 
plates), that they contain less than half the acid-covered surface, 
and.tha* the hollow space fs altpgether a, mistake, since the 
gases will stagnate in*theA. Liity {eoci, h)C.) also criticises the 
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Bettenhausen cones adversely. We shall refer to them again 
in the next and also ip Chapter Xll.,»in connection with 
the Gay-Lussac and Glover towers. 

Cellarius (Ger. P. 166745), with the special object of separat¬ 
ing the sulphuric acid already formed from the chamber-gases, 
places between the first and second chamber .-f leaden tower, 
packed with coke, in which a vortex is produced by means 
of a fan placed in the tower and set into motion by a jet of 
steam. I'he same object is aimed at in his I’. 22080 of 
1905, and his Fr. P. 360(134. In Ger. P. 183097 he improves 
that process by employing two concentric cylinders, connected 
by horizontal perforated partitions, through which the gases 
are propelled and where they meet the condensed acid flowing 
down. They are thus purified from acid-fog and dust. 

Schwab and II. Greene & Sons (B. P. 24619 of 1903) employ 
mixing-towers, communicating with the chamber at top and 
bottom. Hy means of steam jets and the way of arranging 
the inlet of gases the pressure in the upper part of the tower 
is decreased, so that the circulation of the gases is promoted. 
In long chambers one or more vertical shafts are arranged, 
with a steam jet, discharging horizontally at the lower end 
of the shaft, towards the outlet end of the chamber. 

Olga Niedenfiihr (Ger. Ps. 189238 and 189330) employs re¬ 
action towers or chambers, in which the gases travel from the 
top downwards parallel to the feeding-liquid, which keeps them 
a longer time in the sphere of reaction. The entrance openings 
for the ga*es are arranged in the centre, or symmetrically in 
the top of the reaction space, and the exit openings in a similar 
wa>. , 

The same inventor (Ger. P. 189834) dc.scribes a round acid 
chamber in which spiral diaphragms are arranged. The gases 
are conducted either from the centre outwards, or in thesopposite 
direction, in a spiral course. The spiral diaphragms are built 
of perforated bricks, preferably in the shape of “ Meissen ” 
dishes, which are separated by a horizontal diaphr,3pm into 
an upper and lower part. 

The same (Ger. P. 200820) proposes * placing a certaitt 
number of r;«<r//chambers in thj centre, and the Glover, Gay- 
Lussac, and reaction towers irt an outer circle. The gases may 
be first passed through the towers and then into the centrally- 
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placed chambers. The velocity of the ga.scs is thus lessened 
in the central part and increased (outsidc, and a thorough 
mixture is effected. The inner portion is less cooled by radia¬ 
tion, and a very intense reaction takes place there. 

lirandenburg (H. 1*. 7116 of 1907) describes apparatus in 
which the gasds are kept in suspension by centrifugal force in 
order to reduce the pressure against the rising gase.s. 

VVilhelini ((jer. 1 '. 18484^) descrilres towers, very similar in 
principle to* the plate-towers {/.. dngi’H’. C/hni., 1911, pp. 
975 to 978). 

Idhme and the Grasselli ('heniical Q.). (.Amer. P. 852390) 
ill lieu of intermedi.ite towers, place between the chambers 
horizontal lead lines, with a large number of lead pipes, open 
at top and bottom, passed through them in a vertical position, 
each row being .separated by vortical grids from the other. 
The ascending current of air cools the gases and vapours 
pa.ssing through the flue, and a strong formation of sulphuric 
acid takes place on the walls of the pipes placed within. 

The K. P. of Graham (6051 of 1902) comes just to the 
same thing. The same inventor (li. P. 10814 of 1906 ) patents 
columns with cross-pieces of glass and earthenware, baffle 
plates, etc, in lieu of coke packing. 

Moscicki (Ger. P. 236385) prcscrilres working reaction- 
towers in such manner that a large quantit)' of liijuid, say 
from 6 to 12 per cent, of the cubical contents of the .space 
filled with packing, is run in at once, ^io that the packing 
is intermediately completely covered by it and .thoroughly 
washed. His Ger. P. 234259 describes apparatus consisting of 
three concentric spaces; the c^mtral space serves for introducing 
the gases, the second space is filled with the packing, and the 
outer space serves for the collection of the gases and vapours 
after kht reaction has taken place. 

Jos. Broome holds the Amer. P. 850517 for a special kind 
of reaction-tower. 

Feigensohn {Chi'm. Zeit., 1906, p.*85i) recommends as inter¬ 
mediate towers round lead towers packed with stoneware rings; 
*in front of the Gay-Lussac towers there should be a gas-cooler, 
made of undulated sheet lead, and behind them Lunge’s plate- 
towets. * ^ ^ « 

Compare also in Chapter VI. the descriptions of packing 
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for Glover towers, partly designed, especially also for the 
" reaction-towers ” here treated. 

Replacing the Lead-chambers entirely by other Apparatus, To-a'crs, 
etc., retaining the O.cidation of Sulphnr-dio.vidc by Nitrogen 
Oxides. , 

After all that has been stated on the possibility of carrying 
out the manufacture of sujphuric acid by the ordinary reaction 
where nitrous ga.scs are the oxygen carriers, bu4 in a much 
smaller space than it is done in lead-chamber.s, the ejuestion 
naturally arises whether the lead-chambers cannot be completely 
replaced by apparatus of greatly reduced cubic space. We 
have already more than once mentioned ])roposals in that 
direction, especially on p. 672, which were caused by the succe.ss 
of the plate-towers. Hut long before this, inventors had 
attempted to abolish the lead-chamber.s. We now enumerate 
the proposals made in this direction in former and in recent 
times. 

MacDougal and Rawson (li. T. of 21st November 1848) 
conduct sulphur dioxide and air through nitric acid contained 
in a Woulfe’s bottle, in which sulphuric aciil and nitrogen 
peroxide are generated; the latter, with the air in excess, 
pas.ses through several vessels filled with water, in which the 
nitric acid is regenerated. 

Hunt (If. P. of l6th August 1853) conveys a mixture of 
sulphur dioxide and air through a tower filled with pebbles, in 
which nitrous vitriol continuously trickles down. This principle 
had already been proposed by Gay-Lussac ; and it is actually 
carrjpd out in the Glover towers, so far as it is practicable— 
that is, by conducting the escaping gases into lead-chambers. 

Per.soz {Teclniologiste, xvii. p. 461; Dingl. polyt. J., cxxxix. 
p. 427; Wagner's jahresber., 1856, [i. 54) passes sulphur^lioxide 
through nitric acid diluted with from 4 to 6 vols. of water, 
and heated to 100° C., or through a mixture of nitric acid or a 
nitrate with hydrochloric acid, in a comparatively small glass 
or stoneware vessel, promoting contact by an agitator. The 
gases generated by the reduction of the nifric acid ascend in. 
condensing-towers, where they arc regenerated into nitric acid 
by an ascending current of ait and a descending jctKif i^ater. 
The sulphur dioxide might even be’diluted with carbonic acid, 
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nitrogen, or other gases. In theory this process is right enough ; 
in practice it is saidto have failed, principally from the difficulty 
of constructing vessels suitable fur resisting the acids (?). 

Vcrstradt’s tubular apparatus (/>’«//, Sof. dRncouragement, 
1865, p. 531 ; Dingl. polyl. J.^cWdxy.. p. 63; Wagner's Jahresber., 
1865, p. 226) has been mentioned previously (p. 652). The 
Jury Report of 1851 asserted that similar stoneware vessels, 
constructed by Fouche-Lepellctier, wore at work at Javel, near 
Paris, and tl«t in that factory one-third of the annual make of 
3600 tons was produced in them, w*ith one-third of the cubic 
contents and at one-eighth of the cost of^lead-chamber.s. This 
assertion has been proved to be entirely erroneous by original 
corres|)ondencc in Hofmann’s Report by the furies, 1862, p. 8. 

Lardani’s apparatus (/>«//. Soe. Chiui., viii. p. 295 ; Chem. 
hews, 1868, \o. 441, p. 238) has also been described above 
(p. 652); it exem()lifies no essentially novel principle. 

Kuhimann (H. P. of 1 ith December 1850) proposed to force a 
mixture of sulphuretted hydrogen (from soda-waste) and air 
through nitric acid, by which nearly all the sulphur was said to 
be oxidised to sulphuric acirl ; this is, however, not the case, 

Petrie (B. P, of iith August i860) employs a system of 
stoneware pipes filled with pebbles, through which a current of 
nitric acid pas.scs from one side, and a current of SO., and air 
from the other, the (luantities of the materials and the con¬ 
struction of the apparatus being arranged in such a manner as 
to avoid any loss of nitric acid. 

Pinch and W. J. and S. Willoughb)’ (B. P. 3086 ofj884) pump 
a mixture of burncr-ga.ses, nitrous fumes, and steam dnto a 
tower, where they are subjected to a certain amount of pre.\sure, 
in order to facilitate their combination. The escaping gases 
pass forward into other similar towers, and at last through 
a Gay-Lussac column. 

W'* Burns (B. P. 1.1441 of 1886) also seeks to promote the 
combination of the gases by pressure, together with a peculiar 
kind of^ agitation, in an ingeniously devised, but hardly 
practicable apparatus. 

• Hannay (B. P.* 12247 of 1886) passes the sulphurous and 
nitrous gases through a condensing-tower, where they become 
minutely subdivided and thoroughly’ mixed Ijy passing through 
screens, which arc ke{)t moistened by a'continual stream of 
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water trickling on them, the process being repeated until the 
solution of sulphuric acid formed acquires sufficient strength, 
when it is drawn off and a fresh supply of water is run into the 
apparatus. 

A. and L. Q. Brin (B. P. 12070 of 1886) burn pyrites with pure 
oxygen, and convert the mixture of SOo and Ok into sulphuric 
acid by means of nitrous fumes. A special apparatus for this 
purpose is contained in. my own B. P. 3166 of 1888, which, 
however, was only taken to cover the ground,^thc principal 
object of my invention • being the production of sulphuric 
anhydride, for which, as it then appeared, the cost of pure 
oxygen might be niore easily afforded than for ordinary 
sulphuric acid. 

Durand, Huguenin, 81 Co. (Fr. P. 205589 of 9th May 1890) 
pass a mixture of sulphur dioxide and air through tanks, 
charged with nitric acid or solutions of nitrous product.s, 
alternating with condensing-towers. The liquids are made 
to flow systematically through the a])paratus in such a manner 
that at last concentrated sulphuric acid, free from nitric or 
nitrous acid, is obtained. The above-mentioned ga.seous 
mixture is produced by passing compressed air into sulphur- 
or pyrites-burners, thus also obtaining the pressure necessar)' 
for forcing the gas through the liquids contained in the tank.s. 

Barbicr’s apparatus for manufacturing sulphuric acid (B. P. 
12726 of 1892; Gcr. P. 69501) consists of six towers, arranged 
in steps, packed with “hollow pieces of sandstone, quartz, or the 
like. Burner-gas enters the bottom tower and passes through 
them, all. The towers are connected alternately at top and 
bottom; the last serves as a Gay-Lu.ssac. Nitrous vapours 
and steam are introduced from 6 concentrating-pan fired from 
without. The acid formed in the towers drops into concentrating- 
pans placed below their open bottoms, or into a collecting- 
vessel. They are fed with a mixture of sulphuric and nitric 
acid, if necessary also with steam. Private reports concerning 
Barbier’s apparatus complain of an excessive consumption of 
nitric acid and also obstructions. The high royalty ‘aLso acted 
as a check upon experiments with it. Candiani {Chem. Ind., 
•■895, p. 153) remarks that the only Italian factory which had 
introduced Barbier’s process, (Yillafranca) had not,been very 
successful with *t. Boissieu {BuU. -SV- C/civt. (3), xi. p. 726) 
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asserts that the Barbier system has answered very well, but he 
unfortunately does *>ot quote any figures or other proofs for 
this assertion ; Pierron {Monit. Scient., 1900, p. 367) reports 
authentically that it has been entirely abandoned. 

Staub (B. P. 12675 of 1894) describes a set of five towers, 
packed with »|jccially moulded earthenware pieces, and fed 
with nitric acid, nitrous vitriol, etc. Staub’s apparatus does 
not differ in any essential point from, the principle of making 
sulphuric acyl by towers alone, without lead-chamber.s, as 
attempted by a number of inventors tieforc him. His strange 
contention that he was entitled to a patent for that principle, 
because he had been the first to carry *it out by a special 
apparatus, was rejected by the German Imperial Court and his 
Ger. P. 88784 cancelled. Moreover, that apparatus which he had 
set up in 1895 at Stolberg and in 1896 at Wittenberg was worked 
only during a very short time, and then sto|)ped on account of 
bad results and of e.\trcmely high consumption of nitre. 

Hartmann {/.. nni^cw. Chew., 1911, p. 2303) confirms this 
from his own observation. The temperature of the towers 
was much too high ; the consumption of nitre came up to 
10 to 14 lb. acid of 36' Be. per 100 chamber acid, and the dark 
red colour of the chimney gases testified to the e.scape of 
nitrogen o.xides. 

M. Neumann (Ger. P. 169729) makes sulphuric acid in a 
series of towers, like Glover towers, fed with nitrous sulphuric 
acid, containing a cooling-zone in the upper part and a heating- 
zone in the lower part, the temperature 6cing made to rise 
as the percentage of SO,, decrea.ses. This process fs claimed 
to eflfect a considerable saving of reaction S[)ace and of nitre. 

Heinz and Chase (Amer. P.* 875909) pass the burner-ga*ses 
first through a Glover tower, then through flues, where steam 
and nitrii; acid are admitted and part of the sulphuric acid is 
made; 'after drying and purifying, the gases pass through a 
contact apparatus and then through a Gay-Lussac tower. 

Rahtjen brings gases containing SO.,, nitrogen oxides, and 
water in tlie shape of steam or spray to mutual action in closed 
spaces at temperatures considerably above 100°, so regulated 
that the acid produced contains at least 78 per cent, preferably 
98 per cent H.,S04. The appafatys consists of iron, lined with 
acid-proof material. 
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The Chemische Fabrik Griesheim-EIcktron (Ger. P. 226610) 
have found that the chambers can be entirely replaced by 
towers, provided that there is such an oxidation of SOj that 
none of it can get into the nitre-recovery towers, which is 
brought about by introducing an excess of nitric acid. Differ¬ 
ently from other tower systems, the formation of sulphuric acid 
is locally separated from that of nitric acid. It has also been 
found that the complete oxidation of nitrogen oxides to HNG., 
requires a certain time, on account of the great ^dilution with 
inert ga.ses; at least four'mimites, so that a pyrites-burner of a 
capacity of to tons and yielding 40 cb.m, burner-ga.ses per 
minute must be furnished with a nitre-recovery apparatus of 
at least 160 cb.m, capacity. This .system is carried out as 
follows;—The pyrites-burner gases pass first through a Glover 
tower and then into the oxidising towers, fed with nitric acid 
30° to 35 Be., where the .SO., is almost instantaneously oxidised. 
From the towers runs an acid containing 50 to 54 per cent. 
HjSO., and about 1 per cent. UNO.,, which is brought back to 
the Glover for complete denitration and concentration. P'roin 
the oxidising-towers the gases passthrough several towers, fed 
with mi,xturcs of nitric and sulphuric acid of various concentra¬ 
tion, and here nitric acid of a (]uality suitable for the process is 
recovered. For working up the SO., from burners charged with 
10 tons pyrites only 200 cb.m, of total reaction space is required, 
viz., 30 cb.m, for the oxidation of the SO^ and 170 for the 
recovery of the nitric acid. Their additional Ger. P. 229565 
prescribes working at temperatures of 35' to 65 '. Above 65° 
part the nitric acid distils off without having acted as 
oxjfiiscr, and below 35' the reaction goes on too slowly. This 
regulation of temperature is mosi; easily attained by employing 
acid of about 50 for feeding the oxidising towers. Their 
B. P.S. are Nos. 20401 and 23442 of 1909; Belg. P;v 218994 
and 219727; Fr. P. 406641 and addition ; Ital. P. 37914 ' Austr. 
Ps. appl. A 66331 and 7499( ; Norw. P.s. 20774 and 25381; 
Swed. Ps. 29988 and 3C825 ; Spain Ps. 46267 and 46459; 
Austral. P. 17739; applications made in Russia and the United 
States. The process is actually working at Griesheim. SpeciaJ 
advantages of it are : that the concentration of the SO^ gases 
need not (as is the case in boih'thc chamber- and tlv contact- 
process) be confined to very narrow? limits, but may vary within 
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very wide limits; that acids of higher concentration than is 
possible with the chamber-system are obtained ; and that the 
nitric acid emplo\ ed is recovered as such, which means as the 
highest an(J most active oxygen compound of nitrogen. 
According to 1 lascnclever (Ilnrter Memorial Lecture, 25th 
(October 1911 ;•/. .Vec. Chein. Ind, 1911, p. 1292) the Griesheim 
process at that time had not )et reached such a stage of 
developmeiil as to allow a definite opinion upon it to be formed 
(cf. below on ^le (dpi system). 

The Krste Oeslerreichi.sche SodafAbrik at Hruschaii and C. 
Opl (li. 1 ’. 20171 of 1908; I''r. P. 394739; fier. P. 217036) 
describe an arrangement for [iroducing sulphuric acid without 
chambers, on which Opl reports in Z. Chun., 1909, 

pp, 19O1 ('/ .t/v/. lie starteil on the well-known theory that the 
chamber process for producing suliihuric acid may be considered 
as a contact process in which nitrososulphuric acid acts as 
cataly.ser for the combination of ,SO.„ O, and ll., 0 . On testing 
this theor)' b)' a set of three washing-bottles, two of which were 
chargeil with nitrous vitriol, and the third with sulphuric acid 
of 60 ' He., and through which |)_\ rites-burner gases, that is S().,-h 
excess of () (and N), were conducted, it was found that, on 
effecting the passage slowly, all the .SO., was oxidised and 
retained, and only the excess of O and all N uent away. 
After a certain time, the nitrous vitriol in the first bottle was 
completely denitrated, and the third bottle contained newly- 
formed nitrous vitriol. By taking out the contents of the first 
bottle, putting in those of the third bottle,*and recharging this 
with the acid taken out of the first bottle, the proces.s coijd be 
started again. On a largo scale this might be carried out in 
iron or leaden vessels, and Opl calculated that in such vess'ePs, 
arranged like those emplo)ed in Chance’s sulphur-recovery 
proces.s (,Vol. II., pp. (943 <•/ seq), \ cb.m, of nitrous vitriol would 
produce as much sulphuric acid as 100 cb.m, of chamber space. 
Hut on the large scale that .system would suffer under the 
drawback that the burner-gases would have to be compressed 
and foretd through the nitrous vitriol, which would require an 
gxcessive amount of moving-power. If, however, the system is 
carried out in “ reaction towers,” ten times the size of the 
wash-bottles w ill suffice, with niuch less expenditure of moving 
power for the gases andifor pumping the acid on the top of the 
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towers. And if the acid is raised by “ emulsioners ” on tiic 
system of Laurent, wcukecl partly witl^ compressed pyrite.s- 
burner gases, part of the SOo is already oxidised in the 
emulsioners, and the output of sulphuric acid is .still greater. 
The first experimental plant according to this system, erected 
at Hruschau (Austrian Silesia), consisted of five towers, com¬ 
posed of stoneware pipes 33 in. wide, 10 ft. high. The.se towers 
were first left empty, buf it was .soon found necessary to |)rovide 
them with suitable packing. The second test \^:is made with 
the Glover and Gay-LuSsac towers of an old chamber set, to 
which two new towers were added. 'I bis set had then (in 
September 1909) been at work for two years, working up 0 
tons of Schmollnitz pyrites per diem and producing 7 tons, 
16 cwt. of acid of 66 Be., in the shape of acid of 60 Be, with 
a daily consum|)tion of 70 to 90 kg. nitric acid 36 Be. This 
.system has a reaction space of about 250 cb.m., /.c., about 
one-tenth of the chamber space required for the same produc¬ 
tion. A new system of six towers, for twice the <luty of the 
old, with many improvements, was then in course of erection. 
The cost of plant is much less than that of acid chambers; the 
expen.se of circulating the acid and cooling-water is slightly 
greater, but the consumption of nitre is less and all the acid is 
at once obtained at a strength of 60 Ite. (=142 Tw.). In the 
di.scussion follow'ing the reading of this paper, I’eterscn s[)oke 
of the excessively great amount of moving power required by 
this system, but Raschig was more sanguine and considered 
it to be that of the future. In 1911 Nemes ant^rn.'. Ciiciii., 
1911, p. 391) .states that the average production of the Hruschau 
system was 25 kg. ILSO^ per cubic metre reacting-.S])ace, the 
consumption of nitre 0-68 per cent, of the H^SO.,, and that of 
power 15 h.p, which cannot be called excessive. Hartmann 
{ibid., p. 2303) makes detailed statements on that,system as 
now carried out. There are two scries of towers, viz* one for 
producing acid on the principles of the Glover tower, and 
another for absorbing tl*e nitrogen oxides, both scries counting 
the same number of towers, e.g. three acid-producers, 1., 11 , HI., 
and three absorbers IV., V., VI. for making 18 tons of ag’d 
60° The acid-producing towers must be protected in the 
climate of Central Europe by Being ca.sed in, but th* absorbing- 
towers do not require this. Tlfe farmer as well require no 
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special building', but only a protecting-casing against wind and 
snow pressure, carri(j:l by the towers themselves. Arrange¬ 
ments are made for dividing tlie gases in the usual way. The 
inside lining^corresponds to that which is usual for Glover and 
Gay-Lussac towers. The acid is introtiuced in the tower 
ceilings by emuisionating apparatus without any highly-placed 
tanks, and the water in the form of sprays in the top of towers 

1., 11 ., 111 ., and IV. The acid running.out of the producers I., 

11., and III. i^ pmnpcd on to the absorbers IV., V., and VI., 
and vice vena, so that the towers 1 . find VI., II. and V., and 

III. and IV. are in communication. The yipes conveying the 
acid to the Gay-Lu.ssac emnlsioners are cooled by water. The 
acid ultimately all passes through tower V. and there gets up 
to Co' Be., so that tile whole of tlie acid produced comes out 
with that strength. Tlie tower space for retaining the nitrogen 
oxides is ample, .so that tile end gases from tower VI., after 
passing through a coke box for retaining any acid fog, show 
only 0'5 g. SO,, per cubic metre on an average. The propulsion 
of the ga.ses takes place liy means of an exhauster [ilaccd at the 
end of the apparatus, h'or (iroduciug iX tons acid Co He. per 
diem aground space of goxX-.jjo superf m. is required for 
the towers; the total cost in German)- is from X5000 to .£5500; 
the cubic content.s, counting onl\- the lead space, about 600 
cb.m. Hence, 1 cb.m, produced ;o kg. acid of Co' Be. (equal to 
37 kg. chamber acid of 53 Be.) in twent) -four hours. Of this 
tower I. produces about JO per cent., tower II, 30 per cent., 
tower III. 50 per cent., and the .SO,, is now oxidised down to 
mere traces, That means a duty of nearly ten times as mucji as 
that of ordinary chamber space, at a cost for plant of about half 
of that of the chambers for the‘same duty. The consumption 
of nitric acid of 3C" Be. averages 0-75 parts to too parts chamber 
acid. Thf power for driving the exhauster is 3 kw. per hour. 
The consumption of air for emuisionating is about 4000 cb.m, air, 
compressed to ej atm., and that of cooling-water from 200 to 
4CX3 tons per day. Hartmann enumemtes the advantages of 
the tower" system as follows:—l Lc.ss cost of plant. 2. Less 
gi^jund space. 3. Eacy supervision of the plant. 4. Easy super¬ 
intendence of the working. 5. Production of all the acid at a 
strength of^0° Be. 6. Altogether Jess jiroducing expense than 
that of the lead-chamber process. The first experimental plant 
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was erected in ITruschau in 1908, a larger plant in 1909, a third 
in 1910, and a fourth ii^ 1911. Ten or Uvelve plants were in 
course of construction at other places in Austria and other 
countries, most of which would be at work shortly. . 

Hascnclever at the end of 1911 {rii/c- supra, p. 688) reserves 
his judgment upon this (as well as on the Griusheim) plan; it 
remains to be seen wlicther the saving effected by smaller 
capital charges will not Joe counterbalanced by increa.sed work¬ 
ing expenses and repairs. The working require#, as he points 
out, careful supervi.sion,*a.s the consumption of nitre easily 
becomes heavy. In^ddition, the acid, through being continu¬ 
ously in contact with the packing material of the towers, will 
probably become more and more impure, even if the burner- 
gases are subjected to a preliminary purification. 

Th. Meyer (AT. aih'i W. C/u-m., 191 -!, p. 203) makes use of 
Hartmann’s communications on the Opl process for comparing 
the expenses of plant and working that process with those of 
the lead chambers. For a plant producing 18 tons acid of 
60” Be. per twent}’-four hours = 6480 tons per annum, he comes 
to the sum of £2100 for the chambers and X800 for the Opl 
system, as cost of land and buildings, which means an advantage 
of ^(1300 in favour of the latter. The cost of chamber plant 
comes to .^2250, that of the Opl towers to .^1580, or an 
advantage of £6^0 in favour of the latter. (In both ca.scs the 
Gay-Lussac and Gloyer towers are left out of the calculation, 
as these must be jirovided in either case.) Concerning the 
working expenses, the cost of producing the sulphur dioxide 
gases, that of the nitre and the water (steam) may be left out 
of^he calculation, as being substantially the same in both ca.ses. 
But the Opl process entails additional expen.ses for lifting the 
acid to the top of the towers, for the exhauster which drives 
the gases through the towers, and for cooling-watet Meyer 
gives his data for calculating that part of the working Expenses 
for too kg. acid 50' Be. at 22-1 Pfennig for the Opl towers, 
against 11-4 Pfennig foi* chambers, leaving a difference of 10-7 
Pfennig per too kg. acid 50' lie. against the Opl proebss, equal 
to 13-4 Pfennig for acid of 60° Be., or, say, »s. 4d. per ton of aej^ 
of 60' Be. To this must be added the patent royalty which 
comes to about f, pfennig per too kg., or about 2^d. p,cr ton. 
The advantage claimed for the Of)l ptocess, that all the acid is 
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obtained at a strength of 6o’ Be, = i68’ Tw., cannot be taken into 
account, as this resnl>can be obtained^vith the chamber system 
as well; anti it is loaded with the drawback that in the Opl 
process all tJu: acid comes out in an impure state, like that of 
(ilover-tower acid. The (|ueslion of wear and tear cannot be 
settled up to tlft; present, but this item is likely to be somewhat 
Idghcr in the Opl .system than in the lead-chamber system. 
One circuinstaiu e is undoubtedly in favour of the Opl .system, 
viz,, that it •retiuires less ground space than the chamber 
system ; and where the purity of the acid is of no consequence, 
there is ii certain advantage of the Opl jysteni in the smaller 
working expenses, as above stated. 

1 '.. \V. Kaufimann ((jer. 1 ’, 226219) passes the burner-gases 
first through .i dust-chamber with horizontal flues, and then, 
by means of a fan, into an iron tower, lined with brickwork, 
where the neces.sary water and nitrous gases arc introduced and 
which is kept at 150' to 200 . The .su|)])ly of water is regulated 
so as to produce acid of at least 60' to 62' Be. (78 to 82 per cent. 
ll.iSOj), but it may go up to 98 per cent. [?J. The gases coming 
(.>ut of the tower pass through a cooler atid into a Gay-Lussac 
towel , the nitrotis vitriol here produced is denitrated in 
apparatus similar to the old '‘steam-columns” (rTr/c infn)), 
from which the nitrous gases re-enter the reaction-tower. This 
process demands much less ground space, and the plant cools 
much less than ordinary chambers, and furnishes acid of much 
higher concentration. ^ 

1 els (Ger. 1. 22S696) employs, behind the Glover, a series 
of horizontal cylinders with central shafts and agitating-Mades, 
which cau.sc a thorough mixtt^re of the gases with each otter 
and with the bottom acid. The gases are driven through them 
by means of a fan, placed behind the Glover; they enter the 
cylinders in the centre and leave them at the top; the acid 
formed therein runs through them all in the opposite direction, 
any excess of it being removed by U-shaped overflows. This 
method makes it possible to work within excess of nitrous gases. 

VVentzki (Ger. P. 230534) employs .several horizontal 
revolving cylinders In series. The gases are passed in and out 
through hollow axes, which pr^'ect only a short way into the 
cylinders snd are bent upwards thfere, as sl^wii in Fig. 217. 

On the inside walls df the cylinder longitudinal, bent shovels 
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are placed, which during the revolution raise up tlic liquid, keep 
it permanently agitated,and throw it against the walls. In the 
beginning the first cylinder is charged with nitrous vitriol or 
with a mixture of sulphuric and nitric acid ; the other cylinders 
receive sulphuric acid. The burner-gases, propelled by a fan, 
enter into the first cylinder, where they are (tartly converted 
into sulphuric acid; the nitrous gases, here evolved, travel 
along with the remainin^r gases and arc retained in the second 

VO 

Fig. 217. 

and third cylinder. Gradually the acid in the first cylinder is 
denitrated and the contents of the .second are changed into 
nitrous vitriol, and so forth. The same inventor (tier. 1 ’. 238960) 
describes the same jtrocess, carried out in a .scries of cylinders, 
filled with a horizontal revolving .stirring-ap[raratus, in Z. 
angew. Cheni., 191 i,p. 2440. lie describes his (troccss, which is 
still in the experimental stage. 

Petersen {Chem. Zeit., 1911, |). 493 ; /. S<h\ Chem. Ind., 1911, 
p. O81) (troposes, in lieu of towers, to (ta.ss the burner-gases 
through a series of shallow lead boxes, connected by pipes, and 
rising behind one another by steps of 30 cb.m. They are pro¬ 
vided with perforated false bottoms, .and [racked above this with 
quartz. ^I'he first two boxes contain nitrous vitriol, the others 
sulphuric acid of .sp. gr. i-6 to 1-7. A fan draws the gases, 
cqpled to 50" in a special cooler, through the acid in these boxes. 
In the first of these the SO,, is al once transformed into II..SO,; 
the second prevents any escape of .SO,., and the evolved \0 is 
absorbed in the third and fourth box. Acid of sp.,gr. 1-6 is 
most suitable, as it readily absorbs nitrogen oxide?, and is 
equally easily denitrated. Water is added in the gas cooler or 
in the first box to maintain the s[). gr. at l-6. The inventor 
profioses also another system consisting only of t\t'o boxes, 
completely filled with quartz, and provided with .short le^d 
baffles, projecting down from the lid. The acid, as it flows 
through, fills tjiey boxfs • completely, and the ^asjs pass 
horizontally through, so that leSs pRssure- is required than 
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in the first system. His third system has only a single box, 
and is otherwise lil<c«the .second sy.stei#. 

His patents are; H. Ts. 15406 of 1907, 21546 of 1907, 
27738 of 1907; Amer. P.s. 899898, 899899, 904147; h’'"’ I’s- 
378454, 382262 ; Ger. I’, appl. of 28th December 1905. 

Chamber-fittings. 

Every set of chambers must contain a number of auxiliary 
apparatu.s, which in part are absolutely nece.s.sary for the 
proce.s.s, and in part serve to check it chemically and technically : 
the former are essentially those for intrculucing the nitre, the 
steam, and the air; the latter, smaller apparatu.s, will be 
de.scribcd first. 

Dra-u'ing-off the acid \-f. never done by cocks attached to the 
chambers. Such taps might be made of hard lead (4 to 5 I’b 
to I Sb), but they would soon get stopped up with sulphate 
of lead, and could not very eiisily be repaired when leaking. 

It is be.st to place beside 
tbe chamber a round or 
.s(|uare lead box, open at 
the top, of the same height 
as the upstand of the 
chamber-bottom,and con¬ 
nected at or near the 
bottom by a wide pipe 
with Jhe chamber; or a 
suitable piece,may be 
burnt on to the chamber. 
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regulus metal, into which fits a conical plug, b, of the same 
metal provided with an jron handle covcfcd with lead. The 
running-oiif pipe d is either burnt to the valve-.seat or joined 
to it by an open funnel; the latter permits the running off 
to be more easily observed, but is apt to occasion running over, 
by getting stopped up. Or, as shown in Fig. 21$, a lead siphon 
may be employed, with cups attached at each end, a a, which 
keep it always filled, .so that it begins to act as soon as one of 
its limbs has been put into the acid. The second limb then 
enters into a large funnel of the running-off pipe b. 

The simplest plan,which docs not work at all badly, is this; 
to burn a short piece of thick lead pipe to the chamber-side, 
and make the joint very strong by casting lead round it. This 
pipe ends over the funnel of the running-off pipe, and is closed 
by a good india-rubber cork. The men take this out and put 
it in by hand, having a bucket of water standir.g by to wash 
the acid off their hands. 

Another arrangement, shown in Fig. 220, is very good indeed. 
The siphon b is firmly attached to the box c, or within the 



a 


Fig. no. 

upstand of the chan^ber. A cyfinder, rf, surrounding* the,outer 
limb of the siphon, is so suspended* that it can be drawn up or 
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down by means of the chain c and the pulley f, and fixed in 
any position by the*hook g. The cylinder forms a continua¬ 
tion of the outer limb of f;; when it is quite drawn up, so that 
its overflow h is at a higher level than the acid in c, it will cease 
to run; but when h gets below this level, tlie siphon will at 
once begin to*act, all the more quickly the more d is lowered. 
Thus the acid can be run off with more or less speed and with 
the utmost cleanliness. 

Fig. 221 #cpre.scnts a siphon suitable for hot acids in any 
part of the works. To the top of the'siphon, <7 rr, there is joined 
by a bent tube a closed lead vessel h, wlych by an clastic tube 



is connected with the open vessel c. The latter is filled ^ith 
acid and lifted into the dotted position, whereupon b and then 
the siphon a arc filled ; c is then lowered, upon which the 
siphon begins to act, .some acid running back from h to c and 
thus producing a partial vacuum. 

We shall in this place also mention the best arrangements 
for inserting siphons into gioss carioys or other vessels for 
carrying corrosive liquid.s. The simplest and most efficient plan 
<is that shown in Fig. 222. A glass or lead siphon, 77, is inserted 
into a good india-rubber cork, made strongly conical so as to 
fit bqttler with various sizeef neejes; ai^tl\er short tube, b, 
passes through the sarfie c 6 rk. The siphon a may or may not 
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be provided with a tap, c. It will be seen without further 
explanation that the siphon can be sorted by blowing into b. 
The flow of liquid may be stopped either by closing the tap <, 
or, if there is no tap, by lifting out the cork, or by opening a 
third hole provided in the cork for this purpose. In the (very 


FjG 2.’2. 

frequent) case that the mouth of the carboy is too irregular in 
shape for the cork to fit air-tigl^t, the remaining air-channels 
are stopped up with damp clay ; and in an emergency a lump 
of damp clay may replace the india-rubber cork entirely. 

Bode and Wimpf's siphon (Ger. P. 23794; Chem. ^<^^,1885, 
p. 907 ; y. Soc. Chem. Ind., 1885, p. 484 ; further improvements 
in Z. angew. Chem., 1889, p. 522) fests on a very similar 
principle, with addition of?i ball-valve for stopping aricj starting 
the siphon. It seems to be specially adapted for nitric acid. 

AHsch (Ger. P. 9133), I.andel (Ger. P. <^307),]. P. y More* 
(Ger. P. 28721), Oplander (Ger. P^. 30662), and others have con¬ 
structed different kinds of siplftins. ^ 

De Hemptinne has written a pamphltt in which he traces a 
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Treat many forms of siphons to their authors; but there is 
lothing specially n^^v in it. • * 

Pratt’s carboy-emptier, sold by J. I. Griffin & Sons, London, 
is shown in Fig. 223. 



Fig. 223. 


J. Cortin, of Nowcastlc-upon-Tyne, makes iwii-rolntive acid 
valves of a special mixture of regulus metal, the plug rising or 
falling into its .seat out of a fixed setting \ythout turning round, 
so that it is free from friction in working, and the wijar and tear 
arc reduced to a minimum. • 

Aeid-dis/tes {dn'/is, tell-lales) arc placed inside the chamters, 
in order to examine the procc.ss by ascertaining the quantity, 
strength, and nitrosity of the condensing acid. They are made 
in very different ways—for instance, that shown in Fig. 224. 
A is a lead vessel, burnt inside against the chamber-side about 
3 ft. above the bottom. The acid caught here runs by the tube 
a through the chamber-side into thelead cylinder B, containing 
a hydrometer. B is provided near its bottom with a side- 
branch, l>, rising ‘•above its top, and ending in a funnel for 
receiving the acid, which thus constantly runs in at the bottom 
and out Ut the top of B into a vessel, C, f^p^^ which it is carried 
back by a small pifJe into the chamber. The greater the 
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length of A, the more quickly the acid will be renewed in H, 
and the more reliabte are the indications. 

Many manufacturers place S-shaped drip-tubes in the con¬ 
nection between the chambers for a similar purpose. Others 
do not trust to the collectors burnt to the chamber-sides, but 
place leaden or stoneware dishes at some disftmee from the 
side within the chamber. These rest on feet made of lead tubes, 



Fig. 224. 

or upon a stand of stoneware, so as to be elevated above the 
level of the acid ; and they have an outlet leading outside the 
chamber. In some works, both kinds of drips are fixed .side by 
side; and it is noticed that those fixed to the sides alw.a^s yield 
acid of 6° to 10" Tw. le.ss than the inner drips, evidently 
because more aqueous vapour is condensed oh the sides together* 
with the sulphuric acid. ^ 

Firman and C«ck*!edge (B.T. 52 of 1909) describe ^Irip^ians, 
with grooves, terminating in an acid-lut^d outlet, so constructed 
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that no acid remains in the pan, which therefore shows the exact 
quantity of acid made in the chambertat the time. 

Generally the cylinders of acid-drips are made far too large, 
so that they show the changes in the process much too slowly. 
It is therefore preferable in all respects to make the cylinders 
very small, sa/holding about 20 c.c, with a side tube and funnel, 
into which the fresh drips fall, as shown in Fig. 224, whilst the 
cylinder it.self keeps overflowing, and thus its contents are 
renewed abemt once in every ten minutes. Special small hydro¬ 
meters, having only a range of, .say, aSout 20" Tw., are made for 
the purpose of showing the strength of acid in these small drips. 

For taking samples of the bottom acid it.self a recess is usually 
made in some part of the chamber by dressing back the lower 
part of the side. Some, in order to be 
quite sure, always take the .sample out of 
the chamber itself through a special small 
manhole luted with moist clay ; in this case 
there is a slight loss of gas, but no danger 
of getting stagnant acid. Such a manhole 
is shown in Fig. 225^ in section. The large 
manholes may be made in exactly the same 
Fig. jjs.i. Fig. st%k I ''ds may fit into a groove 

luted with damp clay, as shown in Fig. 
225A Large chambers are fitted with several acid-drips, man¬ 
holes, etc. 

F'or taking the samples themselves a djppcr of lead or glass 
is employed, which is lowered slowly, so as to get ^ sample of 
all layers of the acid into it. There is often a great difference 
between the top and bottom acid. 

Mostly thermometers are fixed at regular intervals of 30 to 
50 ft. in the length of a chamber, whose mercury-vessel is 
inside, and whose scale is outside the chamber. This means 
of observing the temperature is undoubtedly infinitely better 
than the rough one formerly in general use in England, by 
touching.with the hand. • 

For chambers not exceeding too ft. in length, one set of 
idrips, thermometers, etc., is generally thought sufficient. For 
longer chambers this is not the case; at the German works 
theretis ^merally a special set'of*these filings for about every 
60 ft. length of chambeft'. ' 
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The pressure inside the chambers might be indicated by any 
of the anemometer* to b^ described at the close of this chapter, 
especially those of Vogt or Sorel; but usually simpler means 
are employed, such as ordinary glass pressure-gauges. 

Sometimes stoneware plugs 
are put into holes made in the 
chamber-sides, in order to indi¬ 
cate the pressure insi^le the 
chamber. The tension of the 
gas is also seen by lifti:!g the 
lids of the small marjjiolcs (Fig. 

226), which are always placed 
on the top of the chambers with 
hydraulic lutes, and which generally consist of glass jars, so as to 
give light for observation through the side-windows (.see below). 

For gauging the height of the acid in the chambers we employ 
either .stationary lead gauges (which, however, are difficult to 
read exactly), or accurately divided 
copper rods, which are dipped in 
every time, but always in the same 
place, since the chambers are never 
absolutely level, or glass floats like 
that shown in Fig. 227, the .stem, a, 
of which slides in a small lead 
frame, h, whose upper edge serves as 
an index for reading-off. The float 
will sink more or less in the acid 
according to any alterations in its 
specific gravity. To make this cause 
of inJccuracy less sensible, the ball 
of the float is made pretty large. 
These floats are most convenient for 
reading-off. 

An instrument for mechanically 
• calailating the weight of sulphuric 
acid m the chambers is described by C. Davidson in Chem. News, 
IxxxviL p. 205, and J. Soc. Chem. Ind., I903jp. 625. 

A very great assistance in judging of the chamber-process 
is afforded hy glass {vindows 0t'sights, which permit^the colour 
inside the chambers to be seen. Whoaver has once got used to 
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these windows will never do without them. They are 8 or 9 in. 
square, and arc ar^nged at a convenient height for looking 
through, in those places in the chamber-.side which lie in a line 
with the glass manhole lids in the chamber-tops ; thus they are 
sufficiently lighted. Where the chambers are roofed in, light 
must be procured in some other way (for instance, by two 
opposite windows corresponding with a window in the chamber- 
shed, etc.). The chamber-gla.sses ai^e put into small lead 
rabbets, anc^ luted with white lead and boiled oil. The 
a.s,sertion is occasionally made that ^he colour of the gaseous 
mixture, observed across the width of the chamber, or in the 
diagonal line from the side to the manhole lid in the top, is too 
deep, and that “ sights ” in the connecting-tubes arc preferable; 
but just the opposite is the case, since the observations are 
evidently far more accurate, and any alterations of colour much 
more easily perceived in the former than in the latter case. 
Only in the first part is the gaseous mixture, through copious 
condensation of acid, too opaque for observing its colour; but 
just there it is quite unnecessary, for only in the back parts 
of the set is it important to have always an excess of red 
vapours. 

At .some works they prefer to the ordinary side-windows, 
which are rather difficult to keep clean, gla.ss jars, .simihar to 
those shown in Fig. 226, p. 701, but placed on special short 
wide branch-tubes, burnt in the sides of the chambers at 
convenient places. These jars when dirty can be exchanged in 
a moment for clean one.s, and they are supposed to show all the 
changes in the chamber-atmosphere quite as well as the,glass 
panes fixed in the lead walls themselves; but my experience is 
decidedly to the contrary, as sAmetimes the side-jars are quite 
yellow while the chambers are already pale, and vice vend 

Apfiftra/ns for introducing Nitric Acid into the Chambers. 

These are divided into two classes. In the first class the 
nitric acid enters the chambers in a state of vapour, mixed with 
the buriref-gas, whose heat evolves it from a mixture of sodium 
nitrate and sulphupc acid contained in an iron pot. This is 
styled “ potting.” In the second class the nitric acid is made in 
a liquid fof m in special apparatus and introduced as such into 
the chambers. Opinioes still differ as to which of the two 
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plans is best. The plan of introducing acid in the state of 
vapour, which was forme|;ly general in England, but only rarely 
used on the Continent, has the advantage of greater simplicity 
and of saving labour and fuel. The advantage sometimes 
claimed for it, that there is less loss than by making and 
employing liquid nitric acid, is hardly a real •ne; for in the 
first plan some nitric acid is easily condensed during the 
conveyance of the gas to,the chambers, and may corrode brick¬ 
work, iron, etc., whilst liquid nitric acid is alwajjs introduced 
exactly in the place whdre it is needed. It is necessary to 
employ much more sulphuric acid for the decomposition of the 
nitrate of soda in “ potting ” than in the regular manufacture of 
nitric acid. The presence of nitric acid in the burner-gas will 
also induce a premature formation of sulphuric acid, especially 
if it be much cooled; but the Glover tower obviates any 
inconvenience arising from this. On the other hand, .some are 
afraid that in “potting” the nitre-ovens may get so hot that a 
portion of the nitric acid will be decomposed down to nitrogen 
protoxide or even to free nitrogen; but the men generally 
employ .so much sulphuric acid for decomposing the nitre, that 
this cannot easily happen, nor are N.jO and N formed so very 
readily as was formerly supposed (.see later on). 

The advantages of introducing nitric acid in the liquid form 
are the following:—avoiding the entrance of false air into the 
chambers and the escape of burner-gas into the atmosphere, 
both of which occur^in many (not all) .systems of employment 
of gaseouj acid ; the possibility of employing as much nitric acid 
and as quickly as desired, whilst in the other case this depends 
ot^the heat of the burner-gas, which during a bad process, just 
when most nitric acid is needcd,*sometimes proves insufficient; 
lastly, and most of all, the exact regulation possible with liquid 
nitric acid and its continuous supply, whilst gaseouj acid is 
always given off very unequally from the nitre-mixture.* These 
advantages have induced most continental and later on many 
English and American manufacturers to employ liquid nitric 
acid. Muspratt {Dictionary of Chemistry, ii. p. 1029) tertainly 
reports that a continental manufacturer, whp previously worked 
with liquid nitric acid, after having seen the use of solid nitre in 
England, had sayecl one-thii»J bf his nitre by introflucing the 
English plan. This statement sifnply»proves that that manu- 
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facturer had not been very careful before, and is no guide 
whatever. The opposite experience, has# been much more 
frequent. Liquid nitric acid, however, will do harm if the 
apparatu.s for introducing it is not constructed in such a way 
as to completely volatilise it or convert it into gaseous products 
before it reacites the chamber-bottom, since it will act upon 
this. Accordingly, sulphur dioxide and aqueous vapour, which 
decompose the nitric acid, must be btought into contact with 
it as completely as possible. 

It is claimed as an advantage for'introducing the nitre by 
“potting,” that the chambers are not exposed to the damage 
possible in the case of incautious handling of nitric acid, whilst, 
on the other hand, the irregular evolution of gas from the 
nitre-mixture is equalised by employing .several decomposing 
apparatus, and charging them in turns, say once every hour, just 
after a fresh pyrites-burner has been charged; thus the stronger 
evolution of nitre-gas runs parallel with that of sulphur dioxide. 
Some prefer a contrivance for supplying gradually, and not all at 
once, the sulphuric acid serving for decomposing the nitre. It 
was formerly contended that the best English works, all of which 
employed at that time solid nitre, worked with as small a con¬ 
sumption of it and as good a yield of vitriol as the best of the 
continental works employing liquid nitric acid; also on the 
Continent .some manufacturers work quite as well with solid 
nitre as their neighbours with nitric acid; but it is extremely 
difficult to check such statements, as few manufacturers divulge 
their real working results to outsiders, and, moreover, very 
many of them do not even know these results themielves 
with that degree of accuracy which is required to decide ^^is 
question. 

There is no doubt whatever that the chamber-process can be 
worked piore regularly by the continuous supply ofnitric acid 
in the tiquid form {cf. Eschellmann’s experiments at Widnes, 
{nfrd)\ and the just objection to this, formerly existing, that 
there was a risk of damaging the first chamber in case of 
a collap'ke of the “cascades” (see p. 712) has been entirely 
jemoved, in the firsf place by the almost general plan of intro¬ 
ducing the nitric acid into the Glover tower, and in the second 
instaqce Uy spray-producers, efc.* Jhe laljouj- of making nitric 
acid in large apparatus and condensing it in receivers is not 
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much greater than that of frequent “potting"; the waste of 
sulphuric acid for d*comnpsing the nitrate»of soda is much less 
in the former than in the latter case. The nitric-acid retorts 
are even sometimes heated by pyrites-burner gase-s. The.se 
reasons explain why the majority of continental manufacturers 
always preferred the employment of liquid nitnic acid for the 
chamber-process, and later on probably most of the English 
and American manufactip-ers have gone over to it as well. 

• 

Introduction of Niti*ic Acid as Vapour (" Potting"). 

The apparatus serving for this has been partially described 
in a former chapter (pp. 393, 394, 396, 402, 440), when treating 
of the sulphur- and pyrites-burners. The drawbacks have been 
pointed out which attend placing the nitre-pots within the 
burners, or, generally, in such a way that the acid sulphate 
boiling over can run into the burners. Later on, however, there 
was always a special nitre-oven constructed by enlarging a 
suitable place in the gas-flue. It is situated either above or, 
preferably, just behind the burners, and provided with the 
necessary working-doors and a cast-iron saucer for collecting 
what boils over. The nitre-pots themselves have various shapes 
—for instance, that shown in Fig. 228; at d a ledges are cast on 
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Fig. 328. 

the bottom, which facilitate pushing the pots backwards and 
forwards. They hold from 8 to 12 Ib. of nitre. 

The “ potting ” with these pots, which are still (or have been 
until recently) met with in some English works' etherwise 
abreast of the times, is very troublesome and imperfect. 

A much more perfect plan is that of decomposing the nitre 
in a fixed apparatuSfUnd runuiFig off the acid sodiugi sulphate 
(nitre-cake) in a liquid form. This .apparatus consists of a 
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semicylincler of cast iron, a (Figs. 229 and 230), with a cast-on 
tube, b, bored .somewhat conically, fhe latter projects out of 
the nitre-oven, and during the working is clo.sed by a ground-in 
iron plug with a long handle. Outside there is a cast-iron 
saucer for holding the nitre-cake, which at once solidifies. The 
internal saucei* c, catches any stuff boiling over. The nitre is 
introduced by the hopper d, which is provided with a damper; 
and after putting in the damper again, it is made gas-tight by 
filling up with the ne.xt charge of nitre. An S-shaped tube (not 



Fig. 225. 


shown in the diagram) serves for running in the sulphuric acid, 
for which it is best to provide a small tank with a siphon or 
stopcock. The acid should be run out of this tank by a pipe 
with a itery fine point into the S-shaped tube, so that the run¬ 
ning shall take a long time, and the nitre be only gradually 
decomposed. Sometimes an iron scuaper with a long handle 
(passing through one of the ends of the oven) serves for stirring 
up the mixture in ,the pan. The hole for this must be kept 
air-tight with clay. An apparatus of the size drawn here holds 
56 lb. of nitre, which can be eSsily ,decon^o^ed in two hours. 
In any case there should be two or more of these apparatus, so 
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as to make the current of nitre-gas more regular by charging 
them in turns. 

Even preferable to the arrangement here shown is that of 
placing the nitre-trough in such a way that the burner-gas can 
play round the bottom as well. The saucer for the boiling-over 
stuff, which forms the bottom of the nitre-oven, must then be 
placed somewhat lower. 



Fig. 230 - 


At Oker the potting is effected in cast-iron retofts .set in 
the high kilns used there (p. 421); ‘he gas-delivery piito opens 
into the gas-flue belonging to the kilns. 

Rice (B. P. 16757 of f892) patented a contrivance which had 
been in operation in several places for many years past, viz., 
putting the nitre-oven between the burners jnd the Glover tower 
in such a way that, by means of valves, the burner-gas can be 
made to travel .either thfoi^K the oven or direcUy iijto the 
chambers. 
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A, P. O’Brien (Amer. P. 694024) describes a cylindrical oven, 
through which the pyrites-gases are driven by a fan, with many 
details of construction. 

An intermediate process between the " potting ” system and 
the application of liquid nitric acid is the generation of nitric 
acid in the ordinary retorts, fired with coals (pp. 139 et seq.), but 
without condensing the vapours to liquid nitric acid by passing 
them straight into the chambers. Jhis system, which was 
followed in« several English works about 1880 (Jurisch, 
Sclnvefelsiturefihriknlion, p. 130), se^ms to have neither the 
simplicity and (apparent) cheapness of jotting in the nitre- 
oven, nor the exact regularity of supply by liquid nitric acid. 
It costs as much coal and very nearly as much labour as the 
latter; and the pas.sage of the vapours from the nitric-acid 
retorts to the chambers presents great difficulties on account of 
the unavoidable condensation of liquid acid, which is not 
entirely overcome or rendered harmless by lining the cast-iron 
pipes with stoneware pipes, with an asphalt or asbestos cement 
between them. If an acid-maker once emancipates himself (as 
he ought!) from the old .system of “ potting,” he should proceed 
to the thorough reform of making and using liquid nitric acid. 

The Soc. anon L. Vogel (B. P. 6846 of 1904; Ger. P. 171088) 
passes the vapours evolved in the ordinary nitric acid retorts 
from sodium nitrate and sulphuric acid without condensing 
them to liquid acid, into the Gay-Lussac tower, where they are 
absorbed and later on utili.sed in the Glover ^towers. Thus large 
quantities of nitric acid can be supplied to the chaqjbers in a 
continuous manner, assisted by a fan interposed. The cyliaders, 
where the nitric acid is evolved, are set in the dust chamber 
behind the kilns and heated by*the burner-gases. 

Pozzati (Fr. P. 404708) passes the nitrous gases from the 
nitre-ovqps directly into the chambers, instead of taking them 
througlt the Glover tower [a proceeding quite generally taken 
many years previously, but abandoned for better methods 
later on]. • 

Dervfg (Amer. P. 850820) in lieu of the ordinary nitre- 
jvens employs a ccj)umn, packed with quartz or coke, through 
which a solution of sodium nitrate in sulphuric acid is run ; it is 
cither _ plated between the p^rites-burnws ,and the Glover 
tower, or between this asid the first lead-chamber. In the first 
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case part of the hot burner-gases, in the second the whole of tlic 
Glover exit-gases a^e pajsed through thi% column (which has 
about one-fifth of the diameter of the Glover), in order to supply 
the necessary heat for driving off the nitric acid. [The reporter 
in Chem. Zeit. Rep., 1907, p. 272, justly remarks that this 
column w'ill be easily stopped up by sodium sulphate crystallis¬ 
ing out] 

Inlroducti/fn of Liquid Mi trie Acid. 

• 

Any of the apparatus’previously described (pp. 139 et seq.) 
for the manufacture ^f nitric acid may be employed for use in 
connection with acid-chambers, but no special precautions are 
in this case needed for obtaining the acid in a concentrated 
state or free from lower nitrogen oxides. On the contrary, any 
low-strength and impure acid obtained in the manufacture of 
commercial nitric acid may be turned to use in the vitriol- 
chambers. 

It i.s, however, of the greatest importance for the proce.ss to 
supply the acid in an even, continuous way, and to regulate the 
supply to a nicety. This can be most simply done by a 
Mariotte's vessel, as shown in Fig. 231 on a .scale of The 
stoneware ves.sel. A, containing the nitric acid, is closed by a 
caoutchouc cork, a, holding a gla.ss tube, b. The latter is the 
only channel for the air, which must take the place of any acid 
running out through the cock c. As the liquid above the level 
h It, down to which^tHe tube b reaches, is supported by atmo¬ 
spheric pressure, only the height of acid below this can influence 
the speed of outflow; and this remains constant till the level of 
the acid has sunk below this point. The glass water-gauge, d, 
and the lead scale, c, admit of observing the height of liquid 
within the vessel. The latter is filled up through the tube b, 
which ends in a funnel at the top. During the filling ejther the 
cork must be raised, or it must be provided with a separate open 
glass tube which at other times is kept closed. The funneiy 
carries the acid into the glass or stoneware pipes conveying it 
into the chambers. ' 

At some works there are two tanks whi^ch are filled up in^ 
turn, one of them every twelve hours, or both every twenty- 
four hours. The g.cid is cqptimfally running out of heth tanks. 
When one of them is half empty, tHfe other is just full; and thus 
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the variation of pressure is compensated to a certain extent; 
but this plan cannot* at aU vie in regularity with a Mariotte’s 
bottle. 

The Mariotte bottles sometimes become stopped up by 
grains of sand, etc., getting into the slightly opened stopcock. 
Bode {Dingl. polyt. /, eexx, p. 538) avoids thfe b)’ opening 
the cock full bore, stopping the neck of the bottle tightly by a 
caoutchouc stopper (as ^town in Fig. 232), through which a 
tube, a, goes down to the desired depth, and is coimectcd by an 
elastic tube, b, with a meta*! or glass cock, c, of | in. bore, which 
serves for regulating tiie supply. 

Further improvements in this 
apparatus have been made by 
M. Liebig (Post’s Z. f. d. chem. 

Grossgew., 1878, part 2). 

Formerly the nitric acid used 
to be introduced in one or two 
"tambours" (that is, small lead- 
chambers) about 22 X 10 X 12 ft., 
or cylinders of 10 to 13 ft. dia¬ 
meter and 12 ft. height, placed 
between the burners and the 
main chamber. The second of 
these contained the " cascades ” 
or other spreading-apparatus; 
it stood at a higher^ level than 
the first tambour, into which it 
emptied its acids, and which 
onl^ served for further exposing it to sulphur dioxide and com¬ 
pletely driving off the nitrogen oxides. This first chamber 
received enough steam to prevent the formation of chamber- 
crystals, or to decompose them if they arrived in solutipn from 
the second chamber; the acid collecting in the firsP small 
chamber ran away into the main chamber. The first tambour 
is unnecessary; with proper regulation the nitric acid can be 
completely decomposed in the first apparatus by mean.'f of SOj 
and steam; but the latter ought to be sijpplied to such an^ 
extent that the sulphuric acid formed contains rather more 
than four molecules »of wajei* tt> each molecule of acid.. At 
some French works the above-descfibeck faulty arrangement of 
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the cascades caused the acid in the second tambour to contain 
a good deal of nitrirf acid, < 

The tambours have been mostly abolished, and the process 
is carried on in the main chamber; where the nitric acid, as 
is now usual, is introduced through the Glover tower, the 
tambours arc'entirely unnecessary. 

Some manufacturers prefer not to run the acid continuously 
in a very small jet, but intermittently in larger quantities. For 
this a siphon arrangement is mostly 
employed (I^ig. 233). a conveys nitric 
acid into the stoneware vessel b\ 
through its bottom passes a tube 
reaching about three-fourths up its 
height, and open at both ends. This 
is covered by the wider tube d, which 
is closed at the top and open at the 
bottom, .so that the acid fills up the 
space between the inner tube and d. 
As soon as it has got to the top of the 
former, this, together with d, forms a 
siphon which almost directly empties 
the contents of d, whereupon this is slowly filled till the acid 
has again risen to the top of the inner tube, and .so forth. 

Ciucades.—\{ the nitric acid were simply run into the 
chambers, it would cause very great mischief. It would dis¬ 
solve in the chamber-acid and quickly destroy the chamber- 
• bottom ; moreover, much of it would find its way outside together 
with the chamber-acid without doing its duty within the chambers. 
It is therefore necessary that no nitric acid should arrive as^ch 
at the bottom of the chambers, but that, before reaching there, 
it should be decomposed into gaseous oxides of nitrogen. This 
is done .by exposing it to the action of sulphur dioxide, that is 
by the chamber-gases themselves. Before the introduction of the 
Glover tower, and even long after, no other means were known 
for this purpose than spreading the n 4 tric acid out over a large 
surface so that it was thoroughly exposed to the chamber-gases, 
,and nothing could/each the bottom in an undecomposed state.' 
This was done by means of stoneware or glass “ cascades!’ of 
which the.-e existed many descr^^oos, which jre fully explained 
and illustrated in the first‘edition of this work, pp. 308 to 318. 



fey 

Fic. 233 . 
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Since these cascades have been almost entirely superseded by 
the Glover towers,* we viill here show only one of the best 
descriptions of cascades, that made by Fikentscher, of Zwickau, 
and shown in hig. 234. The acid run into its top is spread 
over a large surface before reaching the bottom. 

A fault inherent to all such systems is this: (hat there is no 



Fio. 234 . 


really practical way of knowing whether the nitric aCid has 
been entirely decomposed before the chamber-bottom is 
reached. The means aciopted for this end at some works 
leave much to be desired. ’ * 

By far the simplest method of feeding, which dispenses, 
with all cascades, tambours, etc., is that of running the nitric 
acid together with^ the nitrous^ lAlriol through the Clever tower. 
Few manufacturers ventured to do*this*at first, because a loss 
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of nitre was apprehended by following this plan; but at most 
of the best-managei works it has been done for many years 
past without involving any extra consumption of nitre, and it 
may be safely asserted that wherever a Glover tower in proper 
working order exists, no other apparatus is required for feeding 
the chambers \Jith nitric acid. Hartmann and Benker (Z. 

Chem., 1906, p. 135) confirm this again. 

This is a principle universally accepted, and borne out not 
merely by the practice of nearly all sulphuric-acid works where 
liquid nitric acid is used, and where a Glover tower forms part 
of the plant, but also by the practice of ali the works following 



Kig. 235 . r 


the formerly universal English plan of “ potting ” nitre batween 
the burners and the Glover tower (p. 707). It is all the stranger 
that in a modern treatise on tlie manufacture of sulphuric Mid 
SckwefdstiurefabnkatioH,^'^. 135 and I53)the old story 
is repealed of a great loss of nitre in the Glover tower by 
reductfbn to N2O or elementary N, on the strength of some 
absolutely inconclusive experiments made by Vorster, and 
refuted twenty-five years ago by m* (c/ Chapter VI.), and of 
some alleged “experiences” made in the North of France, 
^without any proof by positive data. Wherever figures are 
given, e.g. Hurter's experiments of 1877, Jurisch is compelled 
to concede that with careful wdrl» no more nitre was used after 
introducing the Glover«towdr than before. 
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• Sorel {Fabrication de I'Acide sulfurique, 1887, p, 204) states, 
as the positive result of tlje experience of tlie St Gobain works, 
that there is no destruction of nitric acid in the Glover tower. 

Since in some cases a Glover tower is not available for the 
introduction of nitric acid, we shall de.scribe a very efficient 
spray-apparatus, constructed for this purpose b^' Max Liebig 
{Z. Verein. deutsch. Ingen., 1879, p. III). It con.sists of a lead 
steam-pipe, d (P'ig. 235J, with a platinum nozzle, parallel to 
which runs a glass pipe, m, for conveying the nittic acid, bent 
up in front and drawn out’into a fine point. The steam rushing 
past this causes a vacuum in the glass tube, and sucks acid 
through the latter from a stock-bottle, a glass cock,//, regulating 
the supply. The acid is spread out into a fine mi.st, and none 
of it arrives at the bottom undecomposed. 

An apparatus for the same purpose, constructed by Mr Stroof, 
of the Griesheim works, has been made known to me by that 
gentleman, and is illustrated by Figs. 236 and 237. 

Fig. 236 shows the general disposition. Fig. 237 the details 
of the injector h. The nitric acid runs from a Mariotte's bottle 
A into a VVoulfe's bottle B, .standing in a glass dish, provided 
with an overflow-pipe c, which conveys the acid, in case of the 
injector breaking down, on to the cascade C. h'rom the bottle B 
the acid is sucked away by the glass injector h, whose steam-jet 
is connected with the steam-pipe a by a stuffing-box. Such 
injectors are best made of well-annealed water-gauge pipes 
drawn out to a point.* The point projects but loo.sely into the 
suction-pipe, so that a little air is sucked in as well, and no 
breakage can take place by expansion. At a pressure of 
atm. the injector can carry away 16 cwt. of nitric acid in 
twenty-four hours in the form of spray, together with a little 
air. The mouth-piece of the injector must be contracted and 
widened out again, like that of a fire-engine, to prev,ent any 
larger drops forming at that place. The acid is thfs com¬ 
pletely converted into a mist, and a sensible saving effected in 
comparison with cascades* 

Another glass injector for nitric acid has been described by 
Burgemeister (Fischer’s Jahresber., 1880, p. 228). He employs^ 
a platinum nozzle {not soldered with gold !) and a steam-jet 
placed just below^ the latter •ctJhsisting of a platinufn nozzle, 
about I in. wide, inside the chambSr, continued outside into a 
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copper tube. Both tubes pass through a lead pipe burnt into 
the chamber-side, and are fastened, in this with glycerine, 
lead cement. 



Fig. jj6 . 

t t 

At the Freiberg works, where, in consequence of the complete 
cooling of the roasting-gases,*they do not ^employ a Glover 
tower, formerly the nitric ‘acid was introduced by cascades. 
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These have been replaced by glass injectors, constructed by 
Wolf, as shown in Figs. 2^8 and 239. A glass tube, a\ 28 mm. 
wide, is sealed to a narrower central tube, d‘, at the place a. 
At b there are three glass knobs for steadying the inner tube 
a^, and at c four small glass knobs for steadying the platinum 
capillary d. Tube a* is provided with a funnel (■•for running in 
the nitric acid. The tube d, made of platinum-iridium, is 
connected with a stcam-)jipe, and is held in the centre of pipe a- 
by an india-rubber cork/and the knobs r, c. The, outlet of a' 


Fig. 238. 



Fig. 239. 

is 6 or 7 mm. wide. The nitric acid flows through e into the 
annular space between a' and a* and is sprayed .into the 
chamber by the steam issuing through the platinum (Spillary. 
The whole is imserted into the chamber-side by means of an 
india-rubber joint at ,g-,«so that it is easily taken out and 
cleaned. * 

Potut (B. P. 7710 of 1900; Ger. P. 122^20) introduces the 
nitric acid (or nitrate of soda solution, cf. later on) by a steam 
injector into thg pipe le^dhi^ from the Glover tooi’er to the 
first chamber; he makes the ridiciIlous»assertion that thus two- 
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thirds of the nitre are saved in comparison with running the nitric 
acid down the Glovw tower or straigljt intathe first chamber. 

Other manufacturers inject nitric acid into the last chamber 
{cf. next Chapter). 

The simplest way of introducing the nitric acid through 
the Glover tower is to run a suitable quantity of it into the 
nitrous-vitriol tank at the bottom of the tower, and pump up 
the mixture in the usual manner. It js sometimes preferred to 
earry the nitric acid to the top of the chambers or the tower, 
and to run it into one of the lutes of the tower as required. 

The Societe Nitrogcne (Fr. F. 4040)71) employs for the 
chambers a solution of dilute nitrous gases in concentrated 
sulphuric acid, thus producing a mixture of nitrosyl-sulphuric 
acid and nitric acid. 

The storins^ of nitric acid on the top of the chambers or 
of the Glover tower is generally effected in large stoneware 
receivers, or else in a number of smaller stoneware jars or 
ordinary glass carboys, all of which are connected by glass 
siphoms, so that the running off by means of a tap-siphon need 
take place only from the last ves.sel of the set (Fig. 240). 



Fig. J40. Fig. 241. 


Vessels ^roof against nitric acid may also be composed of 
single pieces of stone joined together by a cement made of 
finely-ground asbestos and a dilute solution of silicate of soda, 
kneaded into a putty and preferably mixed with ground 
sulphate* df baryta. 

E. Pohl (Ger. P. 30188) employs iron vessels lined inside 
Vith asbestos cloth'soaked in paraffin. The riveting of the iron 
shell is ef][pcted in the manner* shown in J^ig. 241,50 that the 
acid nowhere comes intij coiKact with the iron. 
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INTRODUCTION OF SODIUM NITRATE . 

G P. Adamson (Amer. P. 846541) stores acids in bottles of 
glass ceresin or othor suitable material, whose sides and bottoms 
are strengthened by a cylinder and plate of wire-gauze, 
embedded in the material of the bottle. The lower edge of the 
gauze cylinder has a head formed on it which ^projects below 
the edge of the gauze plate. 


Introducing Nitre as an. Aqueous Solution of Sodium Nitrate. 

There is yet another Vay of introducing the nitre. Many 
years ago several wqjrks ran their nitre as a solution in water 
into the chambers. This has long since been discontinued, 
both because all the sodium sulphate formed gets into the 
acid, which is not allowable for many purposes, and because 
the lead always wears away very quickly at the point where the 
solution enters. The same method was patented by Hurnard 
(14th August 1875). solution of nitre was to be injected 

into the chamber in a thin jet, or, better still, at once mixed 
with sulphuric acid by means of a steam-jet, exactly similar 
to Sprengel's water-spray fide infra). The chief object sought 
to be attained in this proce.,s was an imaginary .saving of nitric 
acid which in the decomposition of nitre by the burner-gas 
was supposed to be reduced to N ,0 and N. It has been men¬ 
tioned on p. 337. and will again be referred to in Chapter VI 
that no sensible decomposition of this kind takes place at all, 
and any advantage, accruing therefrom would be far more 
than counterbalanced by the difficulty of keeping the nitrate 
solution long enough in suspension to completely decompose 
it and to prevent liquid nitric acid from getting at the 
■aTamber-bottom. The process also takes so much steam 
that the acid in the first chamber gets too weak. This is 
certainly contradicted by the patentees {Chein. News,^xxvn. 
p 203)- but no independent favourable testimony has yet 
been published, and a saving of nitre appears out of the 
question. It would, however, seem feasible to run 
of nitre through the Glover tower together with chanfber-acid 
and nitrous vitriol, so that the nitre would ^be decomposed in, 
the tower itself, sodium sulphate and nitrous vapours being 
formed. Of course this plan,«s'.well as that mentioned before, 
is restricted to the case of the sulplfuricecid not being intended 
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for sale, but employed for decomposing salt, or for the manu¬ 
facture of superpho^)hates, etc , t 

The introduction of the nitre in the form of an,aqueous solu¬ 
tion of sodium nitrate is undoubtedly the simplest imaginable 
plan for supplying it to the chambers, uniting the advantages of 
both solid nitie and nitric acid—easy regulation, introduction 
of any quantity at a time, dispensing with all apparatus for 
introducing the nitre or manufacturing nitric acid, saving of 
labour and .coals (in the case of nitric acid), avoiding the 
handling of nitric-acid carboys or of fluxed nitre-cake, the latter 
being an article difficult to utilise to any extent. Unfortunately 
these advantages arc counterbalanced by a drawback, which 
has induced most manufacturers who have tried this process 
to give it up: it is found that sodium sulphate crystallises 
in the towers, tanks, and connecting-pipes and causes obstruc¬ 
tions. It would be necessary to have two Glover towers for 
each set, and to run the nitre solution down only one of these, 
whose acid would not be used for the Gay-Lussac tower, but 
for the salt-cake pans or for superphosphate only. This would 
be very inconvenient, and for smaller works not at all feasible. 

Blinkhorn (B. P. 10S4 of 1878) runs a solution of sodium 
nitrate, of sp. gr. (-35, in a regular jet upon sulphuric acid 
contained in a pot heated by the burner-gas, and draws off 
the solution of sodium sulphate from time to time. This 
will hardly decompose all the nitrate 1 

Potut (B. P. 7710 of 1900) injects a solution of sodium 
nitrate between the Glover tower and tlie first chamber {cf. 
P- 717). ‘ . 

Fteding the Chambers with Nitrous Gases obtained as '' 
By-products. 

Several proposals of this kind, partly carried out in practice, 
have hfcd no lasting success. Thus, for instance, the attempt 
has been made in France to obtain o.xalic acid as a by-product 
in evolving the nitre-gas by heating»molasses with nitric acid 
and conducting the vapours into the chambers. The yield 
^of oxalic acid, however, was not large enough to compete 
with its manufacture from sawdust by fusing caustic potash. 
Not mone successful was a iftcfljojal of* Ljing and Cossins, 
to heat sodium nitrate with*arsenious acid or chromium oxide, 
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in order to obtain arseniates or chromates, together with nitrous 
acid for the chamber-process (Wagner’s 1862, p. 207). 

It is also quite feasible to convey any nitrous gas generated in 
making arsenic, antimonic, phthalic acid, etc, by means of 
nitric acid, which formerly used to be lost, mto the lead 
chambers; but this process, which (like all similar ones) can 
hardly be so conducted as to give a sufficiently regular supply 
of nitre to the chambers, is no longer called for, since the 
respective works now r^’ularly regenerate nearly the whole 
of the nitric acid by ineVe contact of the vapours with an 
excess of air and wal,er in “ plate-towers ” or similar apparatus 


(cf. pp. 183 and O59). 

An ingenious process, invented by Dunlop, was for many 
years carried out by Messrs Tennant at St Rollox, and had 
become very famous, but it was not introduced at the new 
works at Hebburn erected by the same firm. A mixture of 
common salt, nitrate of soda, and sulphuric acid is heated in 
large iron cylinders; the principal reaction .setting m is as 
follows:— 

sSO^Ho + zNaNOj + 4NaCl - >1 + ^A + 4^-' + /> i 

but any further deoxidation of nitric acid must be prevented 
by keeping within certain limits of temperature. Thus there 
remains a soluble residue of sodium sulphate, whilst chlorine 
and nitrous acid are given off in a gaseous .state. Ihe two 
gases are separated by passing them through a series of leaden 
Woulfe’s bottles filled with sulphuric acid of 175 8 '’-."''?'“ 

retains the nitre-gas, being converted into "nitrous vitriol 
and used as such (vide infra); the chlorine passes through 
Without absorption and is utilised for bleaching-powder. The 
advantage of this process is, that chlorine is obtained t irect 
from salt without making any hydrochloric acid and^ witho 
employing peroxide of manganc.se. The drawbacks, are: 
that tL nitre-gas has to be evolved again from the nitrous 
vitriol, which at that tim-i could only be done by diluting with 
hot water, necessitating a reconcentration of the v>triol; that 
there is a danger of losing nitrogen compounds; and that the 

not obtain permanent succeis,'Bnd we abstain fronv givi g • 
fuller description of it here. 
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At the Uetikon works, near Zurich, nearly all the nitre 
required for the chambers was for a kong t«me obtained in the 
manufacture of iron mordant for dyeing purposes. This is 
made by treating ferrous sulphate with nitric acid, and thus 
oxidising the ferrous to ferric sulphate. The nitric acid is 
thereby rcdu«;d mostly to lower oxiiies of nitrogen; these 
gases are conveyed into the vitriol-chambers, and there do 
exactly the .same duty as if the nitr^ acid had been directly 
supplied to Uie chambers. Recently the manufacture of cupric 
sulphate from metallic copper, sulphuric and nitric acid has been 
introduced at the .same works, equally carrying all the nitrous 
vapours into the vitriol-chambers. 

Supply of Water to the Chambers. 

The water required to produce H.^SO,, and to dilute this to 
the point required for the practical working of the chambers 
must be presented to the gases in as fine a state of division as 
possible. This was formerly in all ca.ses and is still mostly 
effected by injecting into the chamber a certain quantity of 
steam, which rushes forward and on its way is condensed to 
a mist of very fine particles of liquid water. At many works, 
however, water is now injected in the shape of a mechanically 
produced S|)ray. 

The Steam 

is always generated in an ordinary stean^ boiler, since boilers 
placed above the sulphur-burners have been given ^up every¬ 
where. The boilers are constructed in the usual mannor, but 
are mostly made for low pressure, rarely working above two 
atm., more frequently only at i or i| atm.; in the south'bi 
France they work at 3 or 3! atm. A high pressure has no object 
so long js the liquid is spread over the whole chamber-space; 
for evert low-pressure .steam fulfils this requirement and suffici¬ 
ently assists the draught. Low-pressure steam is more easily 
kept at a uniform tension than high-pressure: without this no 
regulatifln of the supply of steam to the chambers by the 
^attendant is of any avail. High-pressure steam certainly 
condenses less readily than low-pressure steam; but this is 
a doubtfui advantage, so long is^the steam ^possesses enough 
“ carrying-power " to conve/ the minute globules of water right 
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to the other end of the chamber. Experience has shown that this 
is the case even with lov-pressure steam*; at many English 
works they employ only a single jet at one end of each chamber, 
and consider this quite sufficient to supply the whole chamber 
with moisture, but I do not like this practice (see p. 726). 

Of course low-pressure steam may be obtainefl from a boiler 
working at high pressure by means of a reducing-valve. Thus 
at the Oker works the ^eam-pre.ssure in the boilers is 3 to 
3-5 atm., and is reduced to i to 1-5 atm. for»fceding the 
chambers. At small worlds the same boiler may be utilised 
for supplying the chambers and for driving the machinery of 
stone-breakers, air-pumps, and so forth. 

It is also almost a matter of course that the chambers may 
be fed with the exhaust-steam of engines, if these are worked 
in such a way as to leave some pressure in the exhaust, The 
utilisation of the waste steam of the Gay-Lussac air-pump 
for this purpose had been practised by myself for many years, 
as described in the first edition of this work (1X79), Vol. I. 
pp. 393 and 565. A proposal not essentially differing from 
this was patented much later by Sprengel ( 1 !. P. 10798 of 1886). 

The Societe L. Vogel, Milan (B. P. 17794 of 1904) procures 
part of the steam for the chambers by taking away part of 
the burner-gas before entering the Glover tower, and passing 
it through a tower packed with stoneware rings or the like, 
which is fed with water or dilute sulphuric acid, whereby steam 
is produced and theij sent into the chambers. 

At scime large works, in order to control the uniform 
tension of the steam, so important for the regularity of the 
cha mber process, registering steam-gauges are employed, which 
^Row the tension during the whole day on a sheet of paper 
wrapped round a drum making one revolution in twenty-four 
hours. Such a gauge, made by Schaeffer and Biulenberg, 
of Magdeburg, is described in Dingl. polyt.J., ccxvii. p. 5^9. 

The conveyance of the steam to the chambers usually takes 
place in cast-iron pipes, avith one or more branches for each 
chamber. The main-pipes in any case, and, if possible, also 
the branch-pipes, considering their great ^length, should be, 
surrounded by bad conductorsiof heat in order to restrict radia¬ 
tion as much as pOS#ible, ^d^ tb avoid a considerable loss by 
condensation of water. 
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The pipes must always be laid with a slight fall towards the 
(oiler, so that the cofidensed water may run’back. Where, from 
ocal circumstances, this cannot be done, automatic apparatus 
or removing the water should be fixed at the lowest points. 

Of course the size of the main-pipes must correspond to the 
lumber and si^e of the chambers. When more than one steam- 
(oiler is required, they are placed together and their main-pipes 
:onnectcd so as to equalise the pressure. The branches for 
;ach chamber need not be above i in. wide, even for large 
:hambers (up to 70,c>00 cub. ft.) suppfied by one jet. They are 
nade of wrought-iron tubes, a (Fig. 242),«sometimes of copper, 



y 

Fig. J42. 


jp to a short distance from the chamber, where they end in a 
rock or yalve, h, to which a lead pipe, r, equal in width to a, is 
ittachrti and projects into the chamber itself. It is not, how- 
;vcr, burnt to the chamber-side, e; but a short wider tube, d, 
Is burnt to this, and c is loosely put irjto it, the joint being made 
tight with tar, cement, etc. Sometimes in lieu of this an india- 
rubber cork is employed, but this does not last long. In the 
atter case, if the outlet is stopped up by lead sulphate, the pipe 
: can easily be drawn out and dleknqd and* nc^ platinum nozzles 
ire required (as had been proposed by Scheurer-Kestner). 
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The same cut shows another commendable contrivance, viz., 
a simple mercurial fressinre-gauge, consisting of a bent glass 
tube, / with a scale, g, connected by means of a caoutchouc 
bung with a branch, //, of the lead pipe c. Thus the pressure 
behind the regulating-cock can be observed at anytime; and 
the chamber-manager has thus a means of v?ry accurately 
regulating the supply of steam. Any water condensed in the 
gauge can be easily allowgd for. ' 

A good steam-cock is preferable to a whecl-va+ve, because 
the wheel does not show how far the valve is opened whilst the 
handle of the cock cas ,be fitted with a graduated arc .so that 
its position can be fixed with precision. 

Automatic steam-regulators, if reliable, save a great deal of 
trouble, but do not dispen.se with constant supervision on the 
part of the attendant, as they are somewhat liable to get out of 
order. 

In England the usual way is, or formerly was, this: to 
employ only one jet of steam for each chamber, mostly beside, 
above, below, or even within the pipe conveying the gas from 
the burners, the Glover tower, or the preceding chamber. Some 
introduce the steam quite near the top, others in the centre of 
the chamber-end. A single steam-jet suffices, if the length of 
the chamber does not exceed about 130 ft.; in longer chambers 
it would not carry right through. 

It is maintained by English practical men that a single 
steam-jet from a i<im pipe is (]uite sufficient for feeding 
chambers pp to 130 ft. length, and ahso that the distribution of 
moisture through the chambers is thus properly effected. Hy 
arranging a single steam-jet, the cost of cocks, branches, etc., is 
*^ed, and the regulation of the sup[)ly of .steam is much simpler 
and easier than if, for instance, four cocks were to be opened a 
quarter as much as the cock of a single jet. It is ahso Uuc that 
in this way the front part of each chamber, which mak?s most 
acid and evidently requires the greatest supply of moisture, 
actually receives it; but this does not hold good of the first 
chamber, which obtains a considerable portion of its steam 
from the Glover tower, so that a steam-jet placed in the just 
described way is certainly n»t in the right position. The 
steam-jet should gnter the, climber near the top, of at least 
in the upper part of the side. Experitnee has shown that it 
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is not advisable to send the steam into the lower portion of the 
chamber. 

Most experienced managers, however, now agree that the 
single steam-jet for each chamber is a faulty appliance. The 
chamber should not be left to haphazard supply of its different 
parts with th 5 necessary amount of moisture, but each part 
should receive just what it needs. 

On the Continent, indeed, most nj^nufacturers have always 
preferred employing a number of steam-jets for each chamber, 
so as to make themselves independent of any casualties in the 
proper distribution of steam by a single jet. These branch 
jets are introduced at right angles to the direction of the 
gaseous current cither in the long chamber-sides, not far from 
the top, or, which is most usual, through the roof of the chamber, 
so that the single jets can be regulated by a man walking over 
the top. Thus, for instance, at the Oker works there is a steam- 
pipe extending above the chambers, from which, at intervals of 
17 ft., branches of j'-in. bore enter the latter; from these the 
steam issues, by several small openings immediately below the 
top, in several directions (Hrauning, Pnuss. Zeitsch., 1877, p. 137). 
A similar arrangement exists at Aussig and elsewhere. In all 
these cases every branch-cock must be regulated separately. 

Where a Glover tower is in use, the first .steam-jet should 
not be in front of the first or “leading" chamber, as this part 
receives enough steam from the Glover tower; the first steam- 
jet should be 20 or 30 ft., or even farther, f^om the front side. 

An apparatus by which steam can be introduce(^ at many 
places and yet regulated at a single point has been described by 
Scheurer-Kestner (Wurtz, Diet, de Chimie, iii. p. 149); it is 
shown in Fig. 243: a is the copper main-pipe running in ?Re' 
centre of the chamber-top, and held fast by the joist b b^, as 
well as the branches c. The latter are arranged alternately on 
the left and right hand at distances of 16J ft.; they are made 
of lead, pass through the chamber-top, and are burnt into it. 
The arm d, covered with straw ro[Se, serves for making the 
commuhication between a and c. Both pipes have hydraulic 
, lutes, so that only a very low pressure can be employed. The 
main-pipe, n, is provided with ai>cock, and the supply of steam 
regulateii by this. The steam, intpring Vhe; pipe at the front 
end of the chamber, will principally escape through the first 
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branches, where it is most needed, because in the beginning a 
lai^e quantity of urtchanged sulphur dioxMe is present. The 
pipe a has sufficient fall for emptying the condensed water. 
(This arrangement .seems to offer no advantage over simple 
branches on a main-pipe, and has the great drawback that only 
a very low pressure can be employed, as the f'ater is easily 
thrown out of the hydraulic joints a and c. Moreover, it dis¬ 
regards the necessity of^ supplying the various parts of the 
chamber with different amounts of steam.) 


.1 



I 


Fig. 243. 

Perfecjly absurd is the arrangement given in I’aycn’s 
Pricis, and copied from it into many other treatises. Here 
the steam-jets are shown partly in the chamber-bottom, coming 
Vurough the chamber-acid. No practical man can imagine that 
this plan, if it has been actually carried out anywhere, has not 
been discontinued at the first opportunity; for the shying by 
the steam must gradually cause a leakage at the joint* which 
cannot be got at, owing to the chamber-floor, nor can it be 
repaired till the chamber kas been entirely emptied. 

The total quantity of steam required for a set of'chambers, 
which should be known approximately in order to fix upon the 
boiler-space and the size of the main-pipes, ef course depends,* 
first, upon the quantity of sulfur to be burnt, secoi^ly upon 
the existence of a Glover tower, anfl thirdly upon the strength 

3 A 
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to which the acid is brought in the chambers. A general rule, 
therefore, cannot be Jaid down, Theiwo litter conditions are 
partly reciprocal; the stronger the acid is made in the chambers, 
the less water is evaporated in the Glover tower, and vice versA. 

If we assume, adopting a proportion very usual in England, 
that all the ch*nbcr-acid is brought up to 124° Tw., and that it 
is concentrated in the Glover tower up to 148° Tw., the amount 
of steam required will be as follows :—^ 

Every pound of sulphur burnt requires, 

isl, fur forming SO.H.„ water -- 0.5625 lb. 

32 ■ 32 

211(1, for diluting it down to 124° Tw. 

( 70 per cent. 80,11.,), . .... r.3125 „ 

' ' ‘ - 70x32 

'•8750 „ 

Of this nothing is lost with the escaping 
gas, as this passes in the Gay-Lussac tower 
through strong vitriol; on the contrary, the 
Glover tower saves the steam corresponding 
to a concentration from 

124“ (=70 per cent.) to 148” Tw. ( = 80 

per cent.), viz,, - . . “0.43751b. 

70x32 

Leaving . . i 4375 .. 

which must be supplied to the chambers. To this* must be 
added a certain quantity for water condensing in the steam- 
pipes ; but this cannot be estimated generally, since here eve^j^p 
thing depends upon the length of the pipes, their thickness, 
surroundings, etc. On the Continent the chamber-acid is 
kept mpte dilute and correspondingly more steam is used. It 
is safe to say that the steam to be generated in the boiler, 
without a Glover tower, amounts to about two and a half times 
_with tt, to about twice the weight of sulphur burnt. 

. Introduction of Water in the form of Spray. 

Inste.id of feeding the chambers with steam, Sprengel (B. P. 
of 1st October 1873) proposed to employ liquid water in the form 
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of a fine spray. His reasons are these:—that the steam 
increases the volume of the gases by its heit, and consequently 
more chamber-space and nitre are required, which can be 
avoided by introducing the water in a liquid form, sufficiently 
divided ; and that the cost of evaporation can be saved in this 
way. The water is made into a spray by the e«nploymcnt of 
steam, a steam-jet of 30 lb. tension escaping through a platinum 
nozzle in the centre of a water-jet, as shown in Fig. 244 (where 
a is the steam-pipe, b tlie water-pipe); 20 lb. t)f steam is 
sufficient for converting 8o*lb. of water into a mist. Such jets 
are arranged in the cUambcr-sidcs, at distances of 40 ft. apart, 
and supplied with water from a tank fixed at some height 
above. Sprengel assumed that two-thirds of the coal can be 



Fig. 244. 


saved in this way, *in.stancing the works at Harking Creek, 
where at the same time a saving of 6i per cent, pyrites and 
of 14I per cent, nitre is said to have been effected. At those 
'..orks there was no Gay-Lussac or Glover tower. In the case 
of factories working with a Glover tower, Sprengel estimated 
the saving in coal at a third less {Chem. News, xxxii. p. 150). 
Of course the water- and steam-cocks must be exactly reflated, 
and the two nozzles must have a particular shape, so that only 
a fine mist and no larger drops shall be formed, which would at 
once fall to the bottom and only dilute the chamber-adld. 

A different way of producing a spray or mist of water 
instead of a steam jet for feeding vitriol-chambers is employed 
at the Griesheim works, and tis thence been introdq^ed with 
sreat success into several other fadtorio^. The spray is there 
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not produced by the injection of steam, but by allowing 
the water to issui# at a pressure lof 2 "atm. from a small 
platinum jet against a small platinum disc. Two rows of such 
water-jets are introduced through tubes in the chamber-top, 
each tube about 20 ft. away from the other. Thus the whole 
chamber is utiiformly filled with a fine mist, which, together 
with the steam coming from the Glover tower, .supplies all the 
water re(|uired for the chamber-iirocess. The water must be 
carefully filUred, as otherwise the jets would .soon be stopped 
up; but this trouble is far more titan compensated by the 
considerable saving in fuel caused by doing away with the 
chamber boiler.s. The fear formerly entertained, that the intro¬ 
duction of the moisture in the .shape of liquid water would 
reduce the temperature of the chambers below that most 
favourable for the acid-making process, is entirely groundless. 
At Griesheim it was noticed that the temperature of the 
gases, arriving from the Glover tower sometimes at only 35“ C., 
quickly rose within the chambers to 50' C. Similar observations 
have been frequently made, most e.xtensively by Lunge and 
Naef {cf. Chapter VII.), This is e.xplained by the fact that 
the evolution of heat, consequent upon the chemical reactions 
going on within the chamber, is far more important than the 
heat brought in by the steam, and that, in fact, the local cooling 
produced by the water being supplied in the liquid form is 
actually beneficial in most cases. 

It might be objected to the introduction of the water in the 
shape of a spray, that steam is preferable on account of being 
only gradually condensed in its onward course within the 
chamber, and that the moisture would thus be more uniformly 
distributed through the chamber. Hut this objection is nol 
at all valid, and would not be so even if no sulphuric acid were 
present, in the chamber. Calculation shows that the gas 
introd6ced for each kilogram of sulphur, whose volume at 50' 
C. and 760 mm. pressure amounts to 8345 1 ,, can contain only 
0-6868 kg. of aqueous vapour, whilst the total amount of watei 
is nearly four times as much, and three-fourths of the stearr 
entering into the chamber must therefore be at once condensec 
into water. This 'calculation, given in our first edition, pp. 34? 
and 3491'is not repeated here,''sipce if dpes not take intc 
account the fact that tWe tension of aqueous vapour within the 
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chamber is very much reduced by the presence of sulphuric 
acid, and it is hence use^ess for our purpdbe. Murter (/. See. 
Chem. Ind., 1882, p. 51) somewhat more correctly applies to 
our case Regnaull’s table for the tension of aqueous vapour in 
sulphuric acid of various strengths, and he there gives a diagram 
which allows of finding this tension for any int?rmediate con¬ 
centration of acid. But this is incorrect for the principal 
working part of the vitriqj-chamber; for Regnault’s determina¬ 
tions only go as far as 35" C., that is much below fhe ordinary 
chamber-temperature, and it is not admissible to calculate 
tensions at 60°, 80°,• or even higher tcmireraturcs by simply 
applying Regnault’s table or Hurter's diagram to them. This 
gap has been filled by a set of elaborate observations made by 
Sorel, and first rendered accessible to the public by me (Z. 
angew. Chem., 1889, p, 272). Sorel’s table extends to acids 
from 44 to 82 per cent. H.SO^, and to temperatures from 10“ 
to 95°. We have given it in Chapter III., p. 312, where 
the specific gravities corresponding to the acid percentages 
have been added for the reader’s convenience. At the close of 
this chapter we shall give a table for reducing volumes of 
gases to the conditions of the vitriol-chamber atmosphere, 
which equally takes into account the aqueous-vapour tensions 
of sulphuric acids of various strengths. 

The importance of this table will be indicated at prdsent 
by only one example. In a special instance the temperature 
close to the chamber»Mde was 80”; the acid running down the 
side stood,at ii4'’Tw. = 66 per cent. H2SO4, and the aqueous- 
vapour tension at this place wa.s, therefore, =39 mm. Only 
6 C.C. (.say 2^ in.) within the chamber the temperature was 
already 95°; but at this temperature an acid, whose aqueous- 
vapour tension is =39 mm., inu.st have a strength of 128J'' 
Tw. = 72^33 per cent. HjSO^, and this was found to be really 
the case. We shall see the importance of this in Chapter VII. 

Looking at the great reduction of the tension of aqueous 
vapour by the presence t)f sulphuric acid, we must .conclude 
that the steam introduced into the chamber must be conden.sed 
almost immediately into a liquid mist, and this must reduce the 
alleged superiority of steam in|“carrying power” to a properly 
comminuted spray#of* water, Introd^uced at high pressure, to 
almost nil. 
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Of course the water must be properly comminuted; other¬ 
wise, that is when it drops from the 'jets in the shape of rain, 
it dilutes the chamber-acid to an intolerable degree, and this 
is all the more injurious as this dilute acid floats on the top of 
the stronger chamber-acid, and is not noticed for a long time 
at the places" where the acid is drawn off, till it becomes too 
late to meet the evil I'lt once. T his accident will happen when¬ 
ever the jets are (jut of order, and this has, very unnecessarily 
caused seve'ral works to abandon the plan of introducing the 
water in the shape of a liquid spray. 

A special platinum jet for converting'water or acid liquids 
into a thin spray has been constructed by F. Benker, of Paris, 

and is shown in Fig. 245. In 
^ { this jet the distance between 

■ ' the nozzle a and the disc b is 

adjustable, the disc being moved 
backwards or forwards by means 
of a rod, cat the end of which is 
cut a fine thread, which works 
in a similar nut t, placed on the 
top of the cylinder. The screw 
and nut are made of an alloy 
of platinum and iridium, so that 
there is no fear of their wear¬ 
ing out. In this manner the 
best distance between a and b 
can be easily attained, and by 
removing b altogether the 
nozzle a is easily cleaned. More 
recently Benker has employed 
spray-producers of the shape 
shown in Fig. 246, with the 
platinum-iridium jet cased in 
antimony-lead, and without an 
adjusting-screw. 

Korting Brothers’ spray-pro¬ 
ducer ( Fig. 2 ^'j){Z.angew. Chem., 
1888, p. 404) contains within thi^ contracted part a metal spiral, 
which b'V the pressure of the liquid is kept»tightly in its place, 
whilst the liquid on passing through the helicoidal channel takes 
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a rotating movement, so that, on issuing, it is projected equally 
on all sides as a coftical spray. The 
nozzle and spiral .spring can be 
arranged for spray of any degree of 
fineness. This apparatus was origin¬ 
ally intended for damping the air in 
cotton-mills, etc., for precipitating 
dust, for absorbing acW vapours, 
and so forth. It has also been 
made of platinum, and is* in several 
places used for producing a fine 
spray of water in vitriol-chambers. 

These Korting’s spray-producers 
(" Streudiisen ”) were also made ol 
antimony-lead with a platinum lining, 
but this did not stand the corrosion 
in acid-chambers, and had to be re- 
placed by .solid platinum nozzles. 

Even these do not last so long as 
nozzles made of glass, as shown in 
Fig. 248. The glass tube a is drawn 
out to a capillary point at a, where 
it is cut off quite straight so that the 
jet of water comes out centrally, not 
sideways; in twenty hours qcx) or 
1000 I. of water shqdld be delivered 
from thi^ This glass nozzle is fixed 
in the antimony-lead part d by means 
of a thin india-rubber washer b, the 
'joint being made tight by the water 
pressure, and both orifices being at 
the same level. Within a the Kdrt- 
ing spiral e, made of gun-metal (this 
metal can be employed, as no acid 
penetrates here), is fixed hy the thick 
india-rubber tube c. This apparatus 
is set in the chamber-top in such a 
way that the jet comes out ly)rizon- • 
tally, and that th^ whole canijc removed at will for ll* purpose 
of cleaning or inserting a new glass nozelc. 
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In practice the orifice of the glass tube a is about 0-75 mtii. 
bore, that of the har( 3 -lead nozzle if 4. inm. wide. In order 
to fix a in the hard-lead part d, the small india-rubber washer 
6 is put on and placed with its orifice at the top, and d is put on 
with a twisting motion, but without exercising much pressure or 
trying to centre a exactly in d, the water pressure afterwards 
accomplishing this much better. With a pressure of 3 to 5 
atm. and a (jroperly adjusted nozzle no droplets what¬ 
ever are forpied, but a uniform mist travelling over a great 
distance. The Korting spray is bodght in the ordinary way, 
and is fitted at the works with a glass jet,as shown here with 
every detail 

Glass-nozzlcd spray-producers, precisely as here shown, have 
been employed for many years at one of the best conducted 
continental factories, and are still preferred there to every other 
form of apfiaratus of this kind. Since their introduction all 
previous trouble in feeding the chambers with liquid water has 
disappeareil, The orifice of the glass jet has ^ mm. bore, that 
of the hard-lead nozzle 4 mm. bore. Jacobs, in his Ger. P. 
141453, describes a special spray-producer for lead-chambers. 
Guttmann ( /. Soc Chan. Ind., 1903, p. 1333) and Falding {Min. 
Ind., 1901) strongly recommend the use of a water-spray in lieu 
of steam in the acid-chambers. 

During the warmer portion of the year the whole of the 
chambers can in any case be supplied with water as a spray; 
but in the winter season in some places the back part of the 
system must sometimes get a little steam. 

For all descriptions of spray-producers the water must be 
carefully filtered, preferably by means of sponge-filters. Benker, 
moreover, places wire gauze in front of every spray-producer. 
He works these at a pressure of from 2^ to 5 atm., by 
' means of a small intermediate cylinder, about 3 ft. wide and 6 
or 9 ft« high. For the first start a little high-pressure air is 
employed ; afterwards the feed-pump gives sufficient pressure, 
which can be reduced by means of ^ tap if too much water is 
discharged. 

This plan is very well illustrated by Figs. 249 and 250 
(folding-plate), which at the same time show a chamber as 
erected bj' Mr Benker for the “inlpnsive production” or “high- 
pressure style ” (pp. 63a et ieqi). A'is a smafl air-pump, B the 



SPEAY-PRODUCERS 7S6 

water-pressiire vessel, made of an old steam-boiler,' with two 
safety-valves, a and l>. One of these, destined for the air, is 
very small; but the other, for the water, must be large enough 
to discharge the whole of the water supplied by pump D; 
otherwise B might burst. The second valve is weighted J 
atm. more than the air-valve. The level of tfle water in B 
mu.st be kept 12 in. below the top. Pump D is an ordinary 
feed-pump, kept continuou.sly going; between B and D is 
interposed the sponge-filter C. The water rises in the high- 
pressure pipe EE to the'top of the chamber, where there arc 
taps, c c, at di.stanccs t)f about 16J ft. Behind each tap is placed 
a leaden filter (shown on a larger scale in Fig. 251), with a very 
fine wire-gauze sieve; then 
comes a swan - neck pipe, 
which passes through the 
chamber-top, and this ends 
in a spray-[)roducer, Fig. 246 
[or else 248]. From time to 
time the air-tap on B is 
opened in order to replace 
the air dissolved by the 
water under the high pres¬ 
sure. Kestner (/. Soc. Chem. 

Ind., 1903, p. 344) strongly 
recommends' this apparatus. 

Rabe {Z. angew^Chem., 1906, p. 2079) describes a controlling 
apparatus for spray-producers in the chambers, consisting of a 
glass tube, interposed in a suitable place of the entrance pipe, in 
which tube is placed a glass ball, which takes a higher or lower 
position, corresponding to the quantities of water flowing through 
the tube. A tap in the same place admits of regulating the 
corresponding tuyere. In this way the,whole of the spray- 
producers of a set of chambers may be regulated from « single 
place, without checking each individual spray. 

Gaillard (B. P. 11732 1908) describes the arrangement of 

conical extensions in the roof of the chamber, to increase the 
height of the nozzle of the spray-prdducer; a tray is placed 
underneath to convey any water entrained in a coarser state 
away from the clferabcr, imstead of diluting the ohamber- 
acids. 
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Scherfenberg and Prager (Ger. P. 219789) supply the water 
required for the chamber-process, by spraying it upon undulated, 
perforated surfaces inside the chamber. Before the water 
arrives at the bottom, it is converted into sulphuric acid. By 
this means the chamber-.space is much better utilised, similar 
to reaction tdVers. In the cooler back part of the chambers 
steam may be used in lieu of water, as it here condenses at once, 
and the higher temperature thus produced is useful. In lieu of 
water, diluta acid may be used for this purpose. 

Delplace (Fr. P. 342117) washes cooled burner-gases with 
strong sulphuric acid, in order to take o*ut any SO., present, 
compresses them, and then applies them to injectors by which 
the water for the chambers is converted into a spray. 

Fig. 252 shows the spray-producers model of 1909, as now 
preferred by Koerting Brothers. They produce a flat, horizontal 
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Fig. 252. 


spray^ and <are made of acid-resisting metal. They are placed 
in the hydraulic seal. A, which is otherwise closed by the cover, 
B, and are put in their places only when thevchamber is already 
at work. They are left in action when taken out for revision, 
and arc joined to the water-main by lead piping. In order to 
prevent their being stopped up too soon, a gravel- and sponge- 
filter is interposed in the water main. 

A. Primavesi, of Magdeburg {Chem. Zeit., xxx. p. 300), 
supplies low-pressure ^pray-producers with an ebonite nozzle. 

Schulte and Koerting, in Philadelphia, make spray-producers 
with glass-nozzles. 

A special advantage of the introduction of liquid water in 
the form of spray is that the temperature of the chambers is 
kept lower than when employing steam, since the latent heat of 
the latter, which becomes free in its condeniation, does not come 
into play, flow useful such a cooling eflacftis, will be seen in 
Chapter VII. The onlj' drSwback fo the spray system is the 



INTRODUCING UQUID WATER 


737 


liability of the orifice of the spray-producer to get choked up 
by dirt, or else to'be widened by corrosion. The former is 
avoided by careful filtration of the water, the latter by a 
suitable construction. Glass nozzles, as shown above, are much 
better even than platinum. I have found this ^stem applied 
for many years with full success in a number of the best 
managed works, e.g. Griesheim and Aussig. Wherever it has 
proved unsuitable, this has been due to want of attention. 

Benky and Hartmann (Z. angnv. Chan., 1903, p. 864) make 
the following calculation. Each gramme-molecule of SO3, 
(64 g.) according to Lunge’s calculations, on its conversion 
into HgSO^.sHjO (which is the approximate composition of 
chamber-acid) liberates 65,500 calories. These 64 g. SOj 
require for their conversion into sulphuric acid of the above 
strength 72 g. water. Each gramme steam, introduced into the 
chamber (at 60°) with a temperature of 120', yields 6o6'5 
(0-305 X i20)-6o= 583 cal. Hence the total heat evolved is: 
65500-1-583x72= 107,476 cal. If, however, the water is 
introduced in the liquid state at 15°, it must be heated up to 
60°, and that amount, 72x45 = 3240 cal., must be deducted from 
the 65,500 cal., leaving but 62,260 cal., or a difference of 45,216 
cal. against the case of steam. But it is not possible in all cases 
to feed the chambers exclusively with sprayed water in lieu of 
steam; especially during the winter months a certain aipount 
of steam must be employed, in order to prevent the temperature 
from going down below a certain minimum. That minimum is 
60" to 65^ ; the difference between the temperature of the [first] 
chamber and the outer air must not be essentially below that 
amount. Where the chambers are driven slowly, only little 
sprayed water can be employed. The saving of coals by replac¬ 
ing the 500 kg. steam, required for 1000 chamber acid, by liquid 
water, may be put at 75 to too kg.—Those views h^ve been 
later on discarded by their authors; in a paper published in 
Z. angew. Chan., 1906, p. 135, Hartmann and Benker now 
insist on the total exclusibn of steam from the chambers. 

In the 0,2nd Report on Alkali Works for 1905, p. 17, we find 
the following passage :—“ The testimony as to the advantage of 
replacing steam by water sprays in the earlier chambers of a 
series is decidedly (fonfliejing. In some works, whefe a long 
trial has been given, their use has baen abandoned. Success 
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depends upon the observance of minute and exact precautions 
that are necessary for ensuring tht constant supply of the 
requisite quatitity of water without liability to interruption. 
Moreover, it is only in the earlier chambers of a series that 
steam can be replaced by atomised water, since in the back 
chambers, especially in the winter season, presence of steam is 
necessary to maintain a suitable temperature for continuity of 
reaction among the gases.” The \irii Report for 1906, p. 24, 
on the othen hand, gives a very favourable account of ^he entire 
replacing of steam by. water-spray in'a factory where there was 
a certain amount of irregularity in the work. 

Dilute sulphuric acid, e.g. from the last chamber, instead of 
pure water, is used for the introduction into the chambers by 
spray-producers by several inventors, e.g. Guttmann (B. P. 18927 
of 1906), Rabe {Z. angew. Chan., 1910, pp. 8 to 12), Scherfenberg 
u. Prager {supra, p. 736), etc. 


Production of the Draught in Vitriol-chambers. 

The draught necessary for working a‘cid-chambers is produced 
by various agencies, the most important being the high 
temperature with which the gases leave the burners and enter 
the chambers, which counterbalances the greater density of the 
burner-gases when, compared with that of air in the cold state. 
We shall calculate these factors for the various cases in question, 
employing the following values for the density of gases and 
vapours at 0° C. and 760 ram. mercurial pressure*:— 

grammes. 


I 1 . of dry .atmospheric air weighs . . I.2932 

[ „ oxygen „ . . 1.4298 

„ nitrogen „ . . 1.2562 

„ sulphur dioxide „ . . 3-8721 

:v „ aqueous'vapour „ . . 0-804343 


We shall begin with burner-gases from brimstone, the normal 
composition of which has been calculated (pp. et seq.)=o-i\2i 

' The litre-weights employed differ slightly fr m the more recent values, 
given, e.g., in my Technical Chemists' Handbook, 1910, p. 16, but it did not 
seem worth the while repeating all the calcul^t^ns, as the practical 
conclusion? drawn from them remain entirely unchanged, the deviations of 
the figures being quite immaKrial. 
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S05J+0-0977 O+07900 N = i 1 . of gas. This must weigh 
at 0° and 760 mm.’ pressure; 

0.1123x2.8731+0.0977x1.4298 + 0.7900x1.2562 = 1.4547 g. 


Taking the temperature in the outlet-pipe from the brim¬ 
stone-burner to average 100° C. (which is much bftlow the actual 
temperature), the above 1-4547 g. would occupy a space of 

273-1-too _ j 1 oi» I 1 . of the burner-gas at too'’ C. 

and 760 mm. = = 1-0647 g. 

Atmospheric air at o" and 760 mm. pressure weighs per litre 
1-2932 g.; at 20° this quantity occupies the space of I-0733 
I., at 35 =1-1282 1 ., so that even at the highest summer 

temperature, say 35 C., i 1 . of air weighs as much as — 

1-1282 

= 1-1463 g.; it is therefore in any case heavier than the burner- 
gas at 100” C. 


The aqueous vapour always present in the air need not be. 
taken into account, since by its expansion in the heat of the 
burner it can only increase the difference between the weight of 
the gas and that of the air. 


Owing to the fact that the gaseous mixture in the vertical 
pipe of the sulphur-burner is lighter than air, it must issue out 
of the top of the pipe into the chamber with a speed correspond¬ 
ing to the excess»pressure of the atmosphere acting upon it 
from belpw. It must therefore by itself exercise a pressure 
upon the gas in the lead chamber. Its speed or the draught 
increases with the height of the vertical pipe; and the latter 
therefore ought to enter the chamber-side as high up as possible. 
By thus providing more than sufficient drawing power, the 
supply of air is assured in any case; and its excess cap always 
be moderated by narrowing the area of the inlets. • 

A second cause of draught is the formation of sulphuric acid 
itself, as the space occBpied by the consumed gas cannot 
remain empty, and must at once be filled again. The condensa¬ 
tion of the gas to sulphuric acid thus acts as an aspirator. 

A third cause oDdraught is the vertical pipe taking the gas 
away from the last fefid chamber or the chimney with»which it 
is connected. As the gas in these contains all the nitrogen 
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introduced into the chambers with only 5 per cent, of oxygen 
(a mixture of 95 vols. N + 5 vols. G has the litre weight gr. 
1-263; ordinary atmospheric air 1-293), as it is saturated with 
aqueous vapour, and as it is usually warmer and never can be 
colder than the atmospheric air, it must necessarily be lighter 
than the latter'; this is evident without any calculation. 

If the nitrogen-acids are not recovered by a special process, 
to be explained later in the next chapter, the gas certainly 
contains a little of those acids and of sulphur-dioxide, by which 
its specific gravity is somewhat increased. We shall, however, 
see that their effect is very slight, and 'does not materially 
interfere with the causes producing the draught. 

The draught produced by all the above-mentioned causes 
regulates the quantity of air which can enter the apparatus by 
openings of a certain size. We have already .seen, on p. 556, 
that we must not introduce the exact quantity of air required 
for transforming the burnt sulphur into SO.,, but a certain 
excess, which we have calculated = 5-18 vols. of oxygen upon 
each 14 vols. of SO.,. With thi.s, for each 14 vols. of SO.^, 

'4 + 7 + 5.18= 21+ 5.18 = 26.18 vols. oxygen, 

.and 79+19.50 = 98.50 „ nitrogen. 


together 124.68 „ atmospheric air, 

must be introduced into the chambers. From this it follows 

that for each vol. SOo = 8-906 vols. tif air are required. 

Now I I. of SO2 at o' and 760 mm. pressure weighs 2-8731 g,, 
and SO3 consists of equal parts by weight of sulphur and 
oxygen. Accordingly i 1 . of SO^ at 0° and 760 mm. contains 

= t.43655 g. sulphur, 

2 * 

' and 1.43655 g- oxygen. 


Thus for each 1-43655 g. of sulphur burnt 8-906 1 . air at 0° 
and 760 mm. are required. Since 

1-43655 : 1000 : : 8.906 ; .v 

each looti g. or i kg. sulphujr requires ^ = ^*99 at 
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o’ and 760 mm. pressure to be introduced into the sulphur- 
burner, weighing l•:^32 = 8ol7 g. or 8017 kg. 

At 20° C. this weight would occupy-—x6i99=6653 1 . 

All these calculations refer to dry air. If the air is saturated 
with moisture, its volume is increased by the vaiTour-tension e 
for the temperature in question, according to the formula: 

yl = Y.!?*?? 

, b-c 

where b is the actual Rarometric pressure. At 20 ('., c is= I7’4 
mm., and for h = ‘](x> the above 6G53 1. will bc = 68cx9 1, if 
saturated with moi.sture. 

The last increase of 156 I. is only fully realised in the 
exceptional ca.se of air completely .saturated with moisture. 
As this increase is only 2 34 per cent, of the volume of the 
necessary dry air, wliikst, according to the calculation on p. 557, 
nearly 25 per cent, of the theoretical quantity of air (that is, 
more than ten times as much) is introduced in excess, the 
changes in the moisture (X the air and the differences of volume 
resulting therefrom are of no practical consequence. We shall 
therefore not enter into a calculation of the differences caused 
by the real percentage of moisture in the air. 

In the case of pyrites-kiln gases, it follows, from the data 
given on p. 558, that for each too parts of sulphur emproyed 
as FeS.j, , . 

37j parts oxygen must be supplied for oxidising tlie Ke, 

1000 „ „ „ forming SO.^, 

500 „ „ „ oxidising this to SO3. 

Since i 1 . of air at o ’ and 760 mm. pressure weighs 1-4298 

g., at this temperature and pressure 

375 8- ® 8'''® 262-3 1 - mixed in the air n^tli y 85-7 1 . N. * 


1000 „ 

699-4 „ 

„ 

„ 2631-1 

>. 

.. 349-7 >. 

1. 

i3>5-5 

1875 .. 

,, >3'1-4* „ 

U 

.. 4933-3 


Theoretically, then, for each kilograhn of sulphur consumed 
as FeSj, 1311-4-|-493>3 = 6244 7 1 - “if o' and 760 mm. pressure 
must be supplied. • • 

The normal pyrites-burner gases,*as calculated, p. 559, contain 
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8-59 per cent, by vol. SOj, 9-87 0 , and 81-54 N (not reckoning 
any SO3 present). ' • 

I 1 . of this gas at 0° and 760 mm. weighs 

0.0859 X 2.8731 -(-0.0987 X 1.4298-1-0.8154 X 1.2562 = 1.4122 g. 

whilst the 1 *1. of the gas resulting from the combustion of 
brimstone, according to our former calculation, weighs 1-4547. 
The former being, under equal conditions, lighter than the 
latter, consequently gives stronger draught. 

Of course the volume of air necessary for a certain consump¬ 
tion of sulphur is also dependent upon th^ elevation of the site 
above the level of the sea, which regulates the mean barometrical 
pressure. Thus at Munich a quantity of air will occupy a space 
larger by 5-5 per cent, than the same quantity at Widnes or 
New York. 

It is easy to introduce the minimum of air required for 
proper work. But this is not all; an excess of air is just as 
injurious as a deficiency, although not to the same extent. Air 
in excess cools the gas, and thus may sometimes interfere with 
the process; it fills a portion of the clfambcr-space and renders 
it inoperative; it dilutes the gas and weakens the energy of the 
chemical action. The regulation of the supply of air must 
therefofe be accurate, and must be adapted to the frequent 
variations in the ^tate of the atmosphere. This must be done 
by great attention in enlarging or diminishing the openings 
serving for introducing the air and for tailing away the gas. 
In both of these ways the supply of air can be diminished ; but 
it is not indifferent which of them is selected. By the latter the 
draught acting upon the contents of the chambers at the end of 
the apparatus, by the former the pressure upon the contents of 
the chambers at the beginning of the apparatus, is lessened. 
With the latter method the pressure inside the chambers is 
increased; with the former it is diminished. Accordingly, if 
the chimney-draught is too much cut off, the gas issues forcibly 
from any openings in the chambers-, etc., whilst the air may 
enter properly by the holes in the front of the sulphur-burners. 
If, however, these latter'are stopped up too far, the chambers 
suck in air in any places not completely closed against the 
atmosphere. 

The draught may tlso 'be increased in two different ways, 
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viz., by enlarging the opening in the exit-tube, or by increasing 
the inlet-holes in th? door'of the burner. Then the chambers, 
if the exit-tube is not sufficiently closed, suck in air; if, on the 
other hand, the inlet-openings are too wide, gas is forced out 
from any leaks in the chambers by the exce.ss prc.ssurc. This 
is especially noticed when the doors arc opened *for charging. 
Both faults can be avoided by arranging a certain proportion 
between the inlet and the outlet openings, U.sually the area 
of the lattgr is two-thirds that of the former. For Rie changes 
of draught made neci^ssary by the variations in the state of the 
atmosphere no certain rules can be given; observation and 
practice must come into play here. In well-arranged works, 
however, this is not left to chance, but the sup|>ly of air is 
checked by regularly estimating the oxygen in the escaping 
gas, as we shall see later on. 

We have thus .seen that the hot ga.seous mixture in itself 
contains the conditions for causing a draught, since it is much 
lighter than the air, and will always have a tendency to rise from 
the burners to the chambers. We must also point to the second 
source of draught, viz., tlie formation of liquid sulphuric acid 
within the chambers from the mixture of the gases, which must 
necessarily have an aspirating action, although not only from 
the burners, but from all sides. 

Together with these two sources of draught furnished by the 
peculiar nature of the acid-making process itself, there must 
always be another arrangement for causing further draught, 
especially (because otherwise the current of gas could not be 
turned into the required direction. In the simplest case a plain 
outlet-pipe behind or above the last chamber will suffice. The 
Belgian Commission of 1854 even preferred this arrangement to 
a chimney, because the latter might produce an excessive 
draught; and many factories work quite well in this way. But 
It cannot be said that the excessive draught of a chimnay must 
lead to a loss of uncondensed gas and too quick a passage 
through the chambers; fdt it is always very easy to cut off an 
excess of draught by a damper, etc., in the outlet; but it is 
nothing like so easy to increase the draught in the outlet-pipe 
or chimney if insufficknt. For the latter object a steam-injector 
placed in the outlet-^ipe was formerly considered the most 
convenient apparatus. Sometimes, in lieu of a proper injector, 

3 B 
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a simple steam-jet, turned in the direction of the draught, is 
employed ; but this is a very wasteful proceeding, and a proper 
Korting’s injector, made of regulus metal (lead and antimony), 
should always be employed. Such injectors can be applied in 
various places. Scheurer-Kestner Soc. Chim., xliv. p. 98) 
describes hi^ experience in this direction. He employed a 
Korting's injector which produced a gaseous mixture of 7^9 per 
cent, steam and 92-1 per cent. air. Thus a quantity of 1814 kg. 
of water ie the shape of steam sufficed for aspirating the air 
required for burning 7000 kg. of 45 ‘per cent, pyrites. At first 
the injector was placed in the pipe entering into the first 
chamber. This is the best place, where there is no Glover 
tower, as the steam used in the injector also serves for working 
the chambers, and thus costs nothing; but in case of a Glover 
tower this produces an excess of steam in the first chamber. 
The regulus metal of the injector in his experiments wore out 
pretty quickly; nor could it be replaced by porcelain, which 
cracked very soon; a thin casing of platinum, however, was 
found sufficient for protecting a regulus injector. It was tried 
to place the injector between the fi?st and second chambers, 
but here also too much steam was introduced into the chamber. 
This is avoided by applying the injector at the exit from the 
Gay-Lu.ssac tower; but then all the steam is lost and the 
process is thus ipade expensive. In the case of seleniferous 
pyrites the injector between the burners and the chambers 
is stopped up so quickly by a deposit ot selenium, that two 
injectors must be employed side by side, one of wtych can be 
cleaned out while the other one is going. 

Steam-injectors between the Glover tower and the chambers 
are, as we see, impracticable. This holds good of any place in 
the system, except in the exit-pipe or chimney itself. But 
in the chimney whpre the steam cannot be utilised for the 
chamber process, they cause considerable expense. 

Chimneys .—It must not be overlooked that in the case of 
employing steam-injectors a regulation is all the more called for, 
lest the draught should be too strong; and in the end a cheap 
source of draught, viz., the chimney, has been replaced by a dear 
one, without any gain as to constant supezyision and regulation. 
We should accordingly in ordinary cases prefer a chimney to a 
steam-jet, all the mor%as Ithe former will always be necessary 
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in any case for the steam-boilers. Of course the chimney, to 
do its work, must be higher than the chambers. , 

Where a chimney cannot be employed for one reason or 
another, nothing remains but to have recour.se to a mechanical 
contrivance (fan-blast), as will be described below. 

It answers much the same purpose as a chimney if the 
outlet-pipe fixed to the last chamber has a considerable height 
—for instance, 50 ft. (a.s is the case in the south of France). 
Where several sets of chambers exist in the same«works, it is 
preferable to carry them all into a common chimney, providing 
the connecting-pipe of each set with a contrivance for regulating 
the draught. It is not a good plan to utili.se for the chambers 
a chimney with which onlinary furnaces are connected, a.s the 
draught will be of a very variable character in this case, and 
the working of the chamber^ will not be easily kept entirely 
regular. Still, at .some works this plan cannot be avoided, and 
must be provided for by more careful regulation of the draught. 
In such works more than anywhere else the automatically 
acting dampers, described below, are recommended to be 
used. 

The employment of a chimney is even more advisable if, 
as is now the case in all well-appointed works, a Gay-Lussac 
tower is placed at the end of the .set. In this ca.se the draught 
must be regulated with even greater care than otherwise^ but 
there must be an excess of draught at disposal to begin with. 
It is also a great improvement if the “ sight ” necessary for 
checking,the work of the tower (cf. Chapter VI.) can be 
arranged in the down-draught near the ground-level, or at 
least the gangway round the chambers. If there is no down¬ 
draught, but a direct top-draught out of the tower, it is always 
necessary to mount to the top to observe the “sight.” It is 
certainly quite possible to employ the tow,er itself as a qhimney, 
if it is built with its top a good deal higher than the efiambers; 
and this is actually done at a good many works, but probably 
in some cases only beonuse there is no chimney available. 
The drawbacks of this plan are well illustrated by the following 
passage from the official Alkali Ref arts. No, 21 (for 1884^ 
p. 74 ’-—“No. 2256. /The vitriol-exit from the plant in which 
the pyrites-smalls are burnt used to be at the top of the Gay- 
Lussac tower. I found an exceedrngl;i high escape from here 
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on my first three visits. The manager has since connected this 
exit to the main chimney, and now fiwds hercan better regulate 
the draught in his chambers. Since this has been done the 
tests have been invariably good.” 

The chambers at Oker, utilising the configuration of the 
ground, are arranged in such a way that the burners, Glover 
towers, chambers, and Gay-Lussac towers rise one above the 
other, terrace-wise. The outlet of the whole is at a height of 
62 ft. abova the level of the burner-grates. Drawings of this 
arrangement are given by Brauning'(/V««. Zeitschr.f Berg- 
Hiitte,,- u. Salinenzvesen, 1877, Table H.j. It is stated there 
that formerly the draught could not be made sufficient, even 
by connecting the Gay-Lussac towers with the boiler-chimneys. 

1 have received the following notes concerning the Oker 
system during 1902 :-A set of chambers, .started in October 
1883, was formedy connected by a 2-ft. pipe from the Gay. 
Lus.sac towers with the steam-boiler chimney. The draught 
was good, but the chimney, made of common bricks, suffered 
very much. Since 1896, when the chimney became superfluous 
through the centralisation of the boiler plant, the gases have 
been passed straight out of the Gay-Lussac tower in all five 
draught is quite sufficient, without any 
artificial help; but this is easy to understand from the con¬ 
ditions described ,above. There is also the convenience of 
running both the chamber-acid and the Gay-Lussac acid into 
the Glover tower by natural fall. . 

It has been noticed at Oker that a very long draught-pioe 
connecting the last chamber with the tower, has the advantage 
of neutralising to some extent the oscillations of the outer 
atmospheric pressure, and thus facilitating the regulation. Be 
this as it may, such a long pipe, although it causes some loss of 
draught^^by friction, lyill always be very useful, by cooling the 
ps previously to entering the absorbing-tower. The same has 
been found at the Stolberg works (1902). 

Very frequently one chimney has<o serve two or more sets 
of chambers. It is perfectly well understood, from innumerable 
analogous cases in ordinary firing operations, that, where several 
pparatus are served by the same chimney, special care must 
be take*! that they receive the same' amount of draught 
Wherever possible, the *main flues are taken separately to the 
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chimney and are introduced into the latter in such a way as 
not to interfere ofte with another, which can be attained by 
erecting mid-feathers within the chimney. Where it is neces¬ 
sary to connect several sets of chambers with the same main 
flue, it must not be overlooked that the draught is .stronger in 
the part nearer than in the part farther removed from the 
chimney; by suitable arrangement of the dimensions, by avoid¬ 
ing sharp angles in the places where the branches form the 
main flu^, by mid-feathers, and by regulation 1^' means of 
dampers, a proper equalisation can generally be attained. 

Other arrangements .—Sometimes none of the ordinary 
measures secure an equal draught for two sets of chambers, 
even when the flues from these meet about the same distance 
from the chimney. In such cases it is best to make the 
individual flues end in a large chamber, from which starts the 
main flue leading to the chimney, and to fill this chamber 
loosely with bricks, of l our.se not to such an e.xtent that the 
draught i.s too much restricted. This |iroduccs numerous small 
and constantly changing* currents, which prevent any one of 
the large currents getting the advantage of the others, and 
thus equalises the draught.s. 

C. L. Vogt has patented (B. 1 ’. 29th July 1X75) a peculiar 
contrivance for producing draught in acid-chambers, which 
introduces the air together with the necessary steam tlyough 
a pipe with an opening of J in. The steam is under a pressure 
of 3 to 4 atm. Stirtl {Fabrication, etc., p. 291) states that this 
had bees practised in France twenty years earlier. Such a 
contrivance is only exceptionally called for; but there arc ca.scs 
in which a supply of air behind the burners seems desirable 
(Chapter VII.). 

At some factories they work in this way : the Glover tower 
is packed very loosely, and itself acts as« chimney, sqthat the 
burners have alwajs very good draught and never Wow out, 
whilst it is quite possible at the same time to keep the exit 
draught so low that theit is some little outward pressure even 
in the last chamber. In the next chapter we shall describe an 
arrangement by which this aim can’ be attained even more 
perfectly. * 

Regulation of the l)raug(it. —We^havc already said sflmething 
about the principles according to whicA the supply of air must 
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be regulated ; and we shall have to return to this in the next 
chapter. Here we can only remark (hat there must be in any 
case enough total draught behind the chambers, but not too 
much; otherwise, even if the burners themselves are protected 



Fig, 255. ^ 


against excess of draught by diminishing the air-holes below the 
grates, there is all the morfe tendency for air to enter the chambers 
from all other sides through the finest chihks and thus disturb 
the prooass. If the draught is excessivb, the incubus of the 
vitriol-maker, pale changers, at once makes its appearance. 
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Whether, therefore, the draught is produced by a chimney 
or by an open pipe, there must always be some contrivance 
for regulating it. At many works this is done by a simple 
damper, introduced into the respective lead pipe by a slit, luted 
with clay or not at all. The arrangement shown in Fig. 253, 
partly in elevation, partly in section, and in Fig. 254, in cross 
section, is far more perfect. The draught-pipe, a a, is widened 
out into a rectangular vessel surrounded by a jacket, b b, form¬ 
ing a hydraulic joint; and the damper, c, is surroufided on all 
sides by tTie jacket dipping into the water-lute at b. The 
damper is raised and lowered by the help of the chain, pulley, 
and balance-weight, e,f, g. 

In continental works the arrangement shown in Fig. 255 is 
frequently met with. The draught-pipe, a a, is interrupted by 
a wider drum, b, divided into two parts by a horizontal 
diaphragm, e. The latter is perforated by a number of holes 
whose total area is somewhat larger than that of the pipe, a a. 
When, tlierefore, all the holes are open, there is no obstacle 
whatever to the draught; but this can be produced at will by 
closing a certain number of the holes with clay or lead plugs. 
For this purpose the space above the diaphragm is accessible 
by a small door, which may consist of a pane of glass, </ 
(Fig. 255), to which another pane on the other side corre¬ 
sponds, so that the whole at the same time serves as a “.sight." 

Automatic Regulation of the Draught in the Chambers .— 
Especially in the oasc of chambers not connected with a high 
chimney„where changes of wind, etc., produce great variations 
of draught, it is advisable to adopt .some automatic regulation 
together with the ordinary dampers, etc. Such an automatic 
apparatus can be made by putting on to the horizontal part 
of the exit-pipe a perpendicular 12-in. pipe, closed by a bell 
standing in an annular water-lute. The hell hangs on one arm 
of a lever, the other arm of which is so weighted thaUthe bell 
can travel freely. When the draught is just right, this second 
arm has a certain position, in which a throttle-valve within the 
exit-pipe connected with it is half open. When the draught 
increases, the bell descends, owing to the increase of atmospheric 
pre.ssure, and parti/ shuts the throttle-valve; in the opposite 
case of the draught decreasing, the throttle-valve i« opened 
wider. This apparatus, as constructedAy M. Delplace, is shown 
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in Fig. 256, where a is the entrance-pipe from the Gay-Lussac 
tower, c the exit-pipe, h a conical valve, </‘the regulating bell, 
e e the water-line of the hydraulic joint, / the lever, g the 
balance-weight. 



I-'lG. 256. 


Somewhat different in detail, and apparently very accurately 
working, is the apparatus of Mr W. G. Strype, of Wicklow, of 
which the following is a dc.scription (H. 1'. 705 of 2i.st February 

1879):- 

The drawings illustrate two forms of the apparatus. Fig. 257 
being the mo.st desirable, although somewhat more expensive 
in construction than the arrangement shown in F'ig. 258. 
Referring to Fig. 257, an inverted vessel or receiver A, open at 
its lower end, dips into a tank A', containing water or other 
suitable liquid acting as a hydraulic joint. The interior of A is 
placed in communication, by means of the^ipe or passage,rt^f, 
with a jec'eptacle R connected with th& main flue from the 
Gay-Lussac towers antechambers. 'This receptacle is also in 
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communication with a flue leading to the chimney, or other 
device for supporting the ckaught, and is divided by a partition 
having apertures fitted with valves or dampers, D D, made of 
an alloy of lead and antimony. The operation of 0|)ening and 
closing D D to ensure uniformity of draught is regulated 
automatically by the action of the suction itself iiT the following 
manner:—The dampers are connected to a lever li, mounted 



Fic. 257. 


and turning on a centre or fulcrum e. Suspended fjorn one 
end of the lever is the vessel A, whilst the opposite end is 
loaded with a weight S, sufficient to preponderate to the 
required extent over the load of A. Assuming that the draught 
has an excess of “pull” over that'which is adjusted and 
necessary for the proper working of the chambers, the dampers 
being open, the suction within the vessel A, when accelerated, 
will draw down that end of the lever a«d elevate the opposite 
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or weighted end, and so partially close the dampers. C is so 
calculated that the weighted end <of the* lever can only be 
elevated when the required draught is exceeded, and it will 
fall by gravitation as soon as the draught is unduly diminished. 
It follows that thus the desired uniform action is obtained. 

The connection between the dampers and the lever B is by 
means of rods or links passing through water-sealed stuffing- 
boxe.s, G G'; and to avoid friction Ijicse rods are suspended 
from knife-edge centres, d d'. The other centres are constructed 
with knife-edges in like manner. * 

The vessel A becomes sensibly lighter when deeply immersed 
in the liquid, owing to the thickness of the sides, and would 
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with a projecting arm E, carrying an adjustable weight I"', 
arranged in such a ^ositicRi that, as the arm partakes of the 
motion of the lever, the centre of gravity of the system will 
be moved in the direction and to the extent necessary to effect 
the required correction. 

Fig. 258 is a simpler, and in some applications a more 
convenient form of the apparatus, the action being of course 
identical with that dcscrijted for the arrangement in Fig. 257. 
Should the draught fluctuate very much, the diaphragm shown 
dotted at ft (with an jtpenihg in its centre to communicate with 
the vessel A) can be interposed to prevent the movements of 
the regulator being too sudden and rapid. 

This apparatus has no wearing surfaces, is practically 
frictionless in its working, and is balanced in all positions, lly 
means of it any disturbance to the steady and uniform flow 
of gases through the chambers caused by irregular chimney- 
draught is prevented, the admission of air to the burners is 
more uniform, the regulation of the proper quantity and relation 
of the gases to each other throughout the chambers is facilitated, 
and better working and more economical results arc obtained 
in the process with less supervision and attention than 
hitherto required to carry on successfully the manufacture of 
sulphuric acid. 

Mechanical Production of Draught by Fau-lilasts. 

We have spoken above (p. 744) of the various drawbacks 
connected .with the application of injectors for this object: I 
have indeed not found such apparatus at any of the works 1 
have recently visited. But several works have adojjted the 
plan, originally followed at Freiberg,' of promoting the draught 
by fans made of lead alloyed with antimony, or wood or iron 
covered with lead, fixed on iron axles, running in somewhat 
tightly fitting lead journals without stuffing-boxes. Such fans 
are arranged either between the Glover tower and the first 
chamber, or between thtf last chamber and the Gay-Lussac 
tower, or in both places. These fans are worked at a trifling 
expense, most conveniently by electro-fnotors, which avoid the 
necessity of shafting*and gearing; and they should be more 

' According to Muhihauser {/..angew. Cj/em., 1902, p. 672), this invention 
is due to a mining engineer of the name of Hagdh, at the Halsbriicke works. 
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frequently employed, not merely in such extreme cases as at 
the Freiberg works, where the gas* must'travel through flues 
of 330 ft. length, but in connection with ordinary chambers, 
which are thus made independent of accidental variations of 
pressure, of low chimneys, etc. 

.'\t the. works of Mes.srs Matthiesen and Hegcler at La 
Salle (III.), where zinc-blende is roasted in a mechanical shelf- 
burner, and the necessary draught for the chambers could not 
be obtained by a chimney, an iron‘fan-blast, covered with an 
alloy of lead and antimony, is placed betjveen the Glover tower 
and the first chamber, and another such apparatus between the 
Gay-Lussac tower and the chimney. This arrangement had 
been working for several years when I visited the works in 
1890. 

The systematic production of draught by placing one fan 
behind the Glover tower and another in front of the Gay-Lus.sac 
has been especially worked out by h’. J. I'kilding: cf. Min. hid., 
vii. p. 672. In this way the draught of the burners is rendered 
independent of the pressure in the chambers, where quite 
different conditions prevail. 

Falding’s fans have a cast-iron casing lined with lead, and 
a .spindle and arms made of antimony-lead. They are very 
carefully and substantially mounted, and work up to joa 
revojutions per minute. 

Niedenfiilir (1902) considers that a fan-blast would be best 
placed between the burners and tlie Glover tower, but he 
believes this to be impossible with ordinary fans on account of 
the high temperature and the flue-dust. Directly behind the 
Glover tower a fan would also act very well, but here antimony- 
lead is too quickly corroded, and it is therefore generally 
preferred to put the fan between the last chamber and the Gay- 
Lussac tower. The* firm of March Sohne, at Charlottenberg 
(now ‘'.Vereinigte Thonwaarenwerke"), have con.structed very 
good fans of stoneware, which probably will do perfectly well 
at temperatures below 70° C., for in^ance, between the Glover 
tower and the first chamber (cf Chem. Zeit., 1902, p. 1057). But 
even in that case it is "best to place another fan between the 
last chamber and the Gay-Lussac towJr. In very long sets 
with small .sections, such as are found ‘when a small original 
plant is gradually enlarged by adding more chambers, there 
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is frequently irregular work, with large consumption of nitre, 
which is very easily feraediSd by a rational use of fa.i-blasts. 

Usually the fans are made of iron covered with lead, or 
altogether of “hard lead” or "regulus” (antimonial lead), but 
of course the axle or spindle should be made of iron, and the 
journals must also consist of this metal. This is a weak point, 
at least where there is heat to contend with as well as the acid.s. 
In very hot places, however, where lead is out of the question, 
cast-iron may be employed, which is not acted upon*so long as 
no acid is condensed jtpon it. Here also the journals are the 
weak point, but this has been overcome by A. 1 ’. O’lkien, at 
Richmond, Va.; in the following manner (Falding, J/r'«. htd., 
ix. p. 621):—A cast-iron fan is placed immediately behind the 
burners, before the nitre-oven and Glover tower. It serves five 
Herreshoff furnaces, consuming 30,000 lb. 49 per cent. Rio 
Tinto fines per twenty-four hours. The fan has 27 in. suction 
and discharge, and is made of cast-iron throughout, including 
the spindle: it is covered with a i-in. coat of asbestos cement. 
The temperature inside the fan is about 540 (,'. The journals 
are not oiled at all, but fiooded with water from several |-in. 
pipes. Water also surrounds the jacket of each journal, and is 
admitted to the oil-chamber in lieu of oil as a lubricant. After 
nine months’ work it had not required a cent’s worth of repair 
or oil. No wrought-iron or steel is in contact with the gas, only 
cast-iron ; otherwise there is nothing special in its construction. 

Petschow (Z. angew. Chem., 1903, p. 12) quotes some mis¬ 
adventure^ with fans made of stoneware. Plath {ibid., p 159) 
and Niedenfiihr (p. 161) controvert his statements and prove 
the success of such fans. As built by the Vereinigte Thon- 
waarenwerke, of Charlottenburg, they perform a duty of 120 
cb.m, or 4200 cub. ft. per minute. I’etschow {ibid., p. 304) 
practically yields the point. In 1905 {Z.^^angew. Clieiij., 1905, 
p. 1264) Plath especially recommends a stoneware fat>,'called 
" Frithjof,” built on a new plan by the Charlottenburg factory. 
In 1907 (Z. angew. Chem.,*iyoT, p. 444) he recommends placing 
stoneware fans of the ordinary type between the chambers and 
armoured fans of the.Frithjof type in front of the first chamber, 
where they can stand femperatures of too’. 

Benker and HartmSnn (Z. angew^ Chem., [903, p. 86 f) place 
the fan where two Gay-Lussacs are provided, between these; 
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if thtic is only one Gay-Lussac tower, the fan is placed either 
between this and the last chamb(?r, or disc behind the Gay- 
Lussac, and in this case they prefer putting behind the fan a 
Lunge-Rohrmann plate-tower (p. 657) in order to condense the 
acid fumes which arc always present in the gases, where only 
one Gay-Lussac tower is provided. The last gases escape 
straight into the outer air or into a chimney. They recommend 
P. Kestner’s fan made of hard lead, which makes only from 
300 to 70c revolutions per minute,'-requires from I to i h.p. 
and aspirates from 1000 to 8000 cb.m, per hour; ft is driven 
either by a small steam-engine or an electro-motor. 

Kestner (/ Soc them. Ind., 1903, p. 333 ; more explicitly in 
Veyhmdl. V. Koiigress fur augew. C/tem., 1905, i. pp. 623 et seq.) is 
also of opinion that the best place for a fan is behind the 
chambers. If placed between the burners and the Glover 
tower, its construction is rendered enormously difficult on 
account of the heat and the impurities of the burner-gases, and 
this is still the case where it is placed between the Glover and 
the first chamber. In both cases leaden fans are quickly 
corroded and stoneware fans are easily cracked. The advantage 
of increasing the pre.ssurc in the chambers by placing it before 
them is extremely slight, amounting only to about of the 
atmospheric pressure. Ke.stner’s fan.s, placed at the end of the 
chamber system, of which upwards of sixty were already at 
work at that time, pos.scss a wheel made of antimony-lead 
(" hard lead ”) and a case of the same material or of Volvic 
lava; they rotate but slowly and are usually driven by a special 
steam or electric engine. The part played by the fan-blast is 
not to draw more air through the chambers, but to keep the 
current of air constant, not influenced by the variations of the 
atmo.spheric pressure, temperature, wind, sunlight, etc. Accord¬ 
ing io Chem. Zeit.^xgio, p. 734, Kestner has increased the 
usefuinpss of his hard-lead fans by a special construction with 
back-suction for hot gases and high pressures. 

Figs. 259 to 261 show a hard-lead fan as constructed by H. 
Leutpold, at the Dora-Lys works at Pont Saint-Martin (com¬ 
municated by him to fne). Fig. 259 is a sectional elevation, 
Fig. 260 a sectional plan. Fig. 261 a perspective view of the 
iron casing. It is clearly seen how^the ifon spindle is protected 
by a hard-lead casing.* 
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Benker (1902) always employs fan-blasts (and water-sprays) 
■or the “ high-pressu?e wo'k” 0 / PP- 659 cf siy., and Chapter VI 1 .) 
^here 8 kg. acid of 116“ Tw. is made per cubic metre in twenty- 
four hours. He places the fans preferably between two Gay- 




Fig. 260. 


Lussac towers; if there is only one Gay-Lussac, the fan is 
placed behind this, but is followed by a small tower fed with 
Ler in order to cofidense the acid mist, for this purpose 
Benker prefers Lunge’s plate-towjrs to any other kind of 
apparatus; he places one of these tok^ers at such a height 
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that the weak acid contained therein can be run into the 
Glover tower. The object of the fah-blast'is to avoid the in¬ 
equalities and temporary losses of draught caused in the case 
of chimneys by wind, sunshine, etc., and to produce a regular 
composition ^f the exit-gases, 4-5 to 5 per cent, oxygen for 
ordinary pyrite.s, up to 6 5 per cent, for cupreous pyrites. As 
there is a difference of temperature between day and night, 
the speed of the fan must be regulated at least twice a day. 
Benker states that attempts at placing a fan between the 
Glover tower and the first chamber jvere not successful 
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principally on account of the necessity of frequent repairs, 
although even shells made of Volvic lava were tried. 

The question of employing fan-blasts for acid-chambers has 
receive 4 a new impetus by Niedenfuhr’s Ger. P. 140825, which 
provides two Glover towers in succession, to fulfil separate 
functions, the fan-blast being placed between them. This 
question will be treated in the next chapter, when discussing 
the functions of the Glover tower. 

Liity (Z. angew. Cheui., 1905, pp. 1253 r/wry.) greatly approves 
of the use'of fans, especially in the way adopted by Niedenftihr, 
but we'shall see. anon that this is strongly contested from other 
sides. ' 
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The Vereinigte Tonwarenwarke, Berlin, propose to^ place 
stoneware fans in the corneis of lead chambers, with stoneware 
pipes penetrating through the side of the chambers, for pro¬ 
tecting the shafting, in order to cause a strong whirl-movement 
in the chambers. 

Rabe (Z. angew. Chem., 1905, pp. 1735 cl jvy,] discusses at 
length the part which fan-blasts play in the lead-chamber 
process. This is merely t|ie task of overcoming the friction in 
the single ^arts of the apparatus. It is not correct to speak of 
an “ increase of draugjit,” since behind the fan-blast as well the 
pressure is increased. It is merely an apparatus for moving 
the gases from one side to the other. The velocity of the gas on 
the side of aspiration is essentially the same .as on the side of 
pressure, although the pre.ssurc is different on both sides. At 
a difference of pressure amounting to a water-column of 50 mm., 
which is quite an extreme case in the application of fan-blasts 
in the lead-chamber process, the difference of velocity between 
the gas entering and that leaving the fan is only 0-5 per cent, 
by volume, or half of it=0-25 per cent, as against working with 
ordinary draught; and if,'as is quite nccc.ssary in our case, not 
the volumes, but the weights are considered, even that slight 
difference vanishes entirely, and we may take the difference in 
the movement of the gases = zero. Hence it is quite indifferent 
for the movement of the gas in which place the fan-blast is put, 
whether in front of the burners (which has certain advantages), 
or in front of or behind the Glover, or at the Gay-Lussac, or 
anywhere else. It is impossible to influence the gas only on 
one side of the fan. But of cour.se certain reasons exist for 
placing the fan in one or the other of those spots. If special 
regard is to be had to spending as little as possible on driving 
force, the fan is best placed at the end of the system, where 
the volume of the gas is lessened by 12 per cent, through the 
condensation of the sulphuric acid. If it is required bring 
the fan into contact only with pure air, it must be placed in 
front of the burners, whifch in this case, of course, must be 
provided with a closed conduit of air. If the fan is sufficiently 
resistant to hot acid gases, it is placed in front of the Glover 
(Falding’s system). IT, however, it is to be in contact only with 
cold acid gases, these fhust be previously cooled, as is stated in 
the Ger. P. 140825, quoted luprii. "f he frerformance of the fan- 

3 C 
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blast In overcoming the friction in the various parts of the 
apparatus makes it possible, either So employ apparatus offering 
greater resistance to the current of gas, or to pass more gas 
through the chambers than can be done by natural draught. 
In the former case apparatus for precipitating the flue-dust, for 
utilising thd heat, and generally for making the chamber 
process more rational may be interposed in already existing 
plant, without in any way diminishing the quantity of the gases. 
In the second case the velocity of the gaseous current may 
be altogether increased, since we arfe then not confined to the 
“ natural ” draught, and this means an increase of the production 
of the chambers. In these cases as well it is indifferent in which 
place the fan-blast is interposed, since in most descriptions of 
fans it is pretty immaterial whether the greater resistance takes 
place in the aspirating- or in the pressure-conduit. 

The regulation of the work of the fan-blast is best performed 
in immediate connection with it, whether by changing the 
number of revolutions, or, where this is impossible, as in the 
case of working a rotating current, by throttling. In any case 
the aim should not be that of produciilg a certain plus-or minus- 
pressure against that of the atmosphere, but that of producing 
a certain velocity of the gases, as shown by instruments indicat¬ 
ing this, since these are independent of any obstructions in the 
gas conduits, etc.^and since it is important to work with gas of 
a uniform percentage of SOj. Of course it is also desirable to 
observe the pressure in every part of the apparatus, as this 
admits of early recognising the constancy of the frictipn exerted. 
Thus the chamber work is more easily controlled, and the 
velocity of the gas current can be kept constant, as long as there 
is an excess of power in the fan-blast. Of course it is not 
permissible to work the fan-blast in such manner that the 
towers or chambers ^re damaged by an excess or a minus of 
pressurp against that of the atmosphere. But Rabe has 
already succeeded in working for a long time with a plus- 
pressure equal to i8o mm. water,*on large, not supported, 
surfaces of lead, without any damage being done. In the case 
of new plant it is best'to effect from the outset the smallest 
possible fi;iction in the apparatus and eonduits, as fan-blasts 
work n-ore economically with smaller differences of pressure. 
It has also been prove*" that for tbe intimate contact of gases 
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and liquids, e^. in reaction towers, not an increase of ^Friction 
by overpressure in* the towers, but exclusively an increase of 
the surface of contact between the gas and the liquid is of 
importance. Hence apparatus involving greater friction must 
be employed only where it is from any reasons whatever, 
cheaper than apparatus with smaller frictions, if the cost of 
working and of writing-off is calculated. When the fan-blast is 
worked more or less, bqth parts of the gas conduit, that in 
front and that in the rear, are influenced in the *same way. 
Hence it*is not po^ssible to influence the roasting process 
differently from the chamber process, where the fan is placed 
between them ; nor is this possible where it is placed elsewhere, 
since these parts are always dependent upon each other. If 
the fan-bla.st is throttled, less air must enter into the burners, 
and they will eventually blow out, the ga.ses becoming richer 
in SO.,. This acts upon the chamber precisely in the same way 
as any insufficiency of “ draught ” or of oxygen. I n the opposite 
case, that of increasing the action of the fan, the roasting goes 
on more quickly, but the percentage of SO,^ is diminished and 
the chamber process disturbed. These drawbacks happen 
precisely in the same manner, whether the fan be placed 
between the burners and the chamber (Falding’s plan), or 
between the concentrating- and denitrating-tower (Niedenfiihr’s 
Ger. P. 140825, supril p. 758), or in the rea; of the chambers 
(Kestner’s plan, p. 756). It is impossible to render the roasting 
and the chamber process independent of each other, but it 
is possiblg to make the work independent of the resistance 
by friction, whether this be permanent or produced within the 
course of working. Nor can the absolute pressure within the 
chambers be essentially altered; the places immediately in 
front and in the rear of the fan may show differences of, say, 
50 mm. water pressure, but the remoter f^rts show much less, 
down to 0 025 per cent, of the atmospheric pressure, wh-ich is 
altogether insignificant in comparison with the differences of 
atmospheric pressure which may reach 2 per cent. The propul¬ 
sion of the gases is precisely the same whether there is a plus- 
or minus-pressure, both in the Glover and in the chamber, other 
circumstances being etjual. It is erroneous to assume that a 
plus-pressure by itself is essential for the movement 'of the 
gases; nor that such a pressure forces the gases to penetrate 
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into e\ 4 ry part of the apparatus and to avoid “ dead corners." 
It is certainly true that the best utifisatiort of an apparatus to 
a great extent depends upon the way in which the gases travel 
therein, so that it is very important to find out the best condi¬ 
tions therefor; but it is quite unessential whether this work is 
done by plus- or by minus-pressure. The decisive moments are : 
the shape of the outlet openings of the conduits, the specific 
gravities of the gases produced by thp reactions, and the place 
where they^arc introduced. In working with fan-blasts gyratory 
motions have been spoken of as takmg place, but these occur 
precisely in the same way with plus- or with minus-pressure, 
and they cease in longer conduits. If the higher pressure by 
itself produced the a.ssumed effects, the same differences would 
appear without fan-blasts between factories situated at a higher 
or lower level, and the daily oscillations of atmospheric pressure 
would influence the working of the chambers to an alarming 
extent. Every chamber manager knows that he must take 
regard of these; but his task is not that of increasing the plus- 
or minu.s-pressurc,but to regulate the velocity of the gas so that 
the proportions of weight are kept constant. The plus- or 
minus-pressure has nothing to do with this; the reactions are 
essentially the same in both cases; neither is there a special 
movement of the gases, nor a more intimate contact of the 
molqcules, and the alleged proofs for the contrary are not 
correct. This Rabe also applies to Liity’s paper in Z. angew. 
Ckem., 1905, pp. 1253 et seq.; the results adduced by him are 
much better explained by differences in the size of thetapparatus, 
the still of work, the cooling action, etc., and they have nothing 
to do with the place given to the fan-blast. 

Hiippner {Z. ange-w. Chem., 1905, p. 2001) insists against 
Rabe that the work done by the fan is not in proportion to the 
weight, but to the volume of the gases, and that the way of 
measut^g the pressure, recommended by Rabe, does not 
absolutely avoid the mistakes pointed out by him. 

M. Neumann (Z. angeiv. Chem., il)05, pp. 1814 et seq) criti¬ 
cises the plan of Niedenfuhr (Ger. P. 140825, vide p. 758) and 
Liity’s remarks upon if {ibid.). A higher than the formerly 
usual pressure of 2 or 3 mm. water in'the beginning of the 
first cKhraber, say 4 to 7 pim., ha.^ beeri first used in America, 
before the date of Nitdenfiihr’s patent. It is quite wrong to 
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assume that such a slight increase of pressure can have any 
influence on the chambe^ process, as already pointed out by 
Benker and Hartmann {supra p. 758; if. also Rabe, p. 759). 
All the advantages claimed by Niedcnfiihr and Liity for that 
rise of pressure can be but very slight. Fan-leasts, made of 
cast-iron, lined with lead, the wheel being made of antimony- 
lead and mounted upon a lead-covered steel shaft, have been 
employed since 1894 between the Glover and the first chamber; 
Falding {c[. p. 755) and others have put up more than fifty of 
these, and in the United States there is hardly a sulphuric-acid 
factory working otherwise than with fan-blasts. Falding 
employs a second less powerful fan at the end of the system, 
and is thus able to make all parts of the system independent 
of each other. Recently Falding recommends O'Brien's fan 
{supril p. 755), which is entirely made of cast-iron and is placed 
between the burners and the Glover in a jdace where it is too 
hot for acid to condense and to corrode the metal. The separa¬ 
tion of the Glover into two towers, claimed by Nicdenfiihr, is 
also an American invention, and already in 1894 Falding 
obtained the Ger. F. 7669*1 for it; also Zanner, Ger. F. 134661, 
who certainly does not entirely divide the two functions of the 
Glover on two towers, but effects only part of the concentration 
by a special apparatus interposed between the Glover and the 
first chamber. Flath’s armoured stoneware fan, the " Frithjof ” 
{cf. p. 755), can be easily put in that place. The “intense” 
production of acid in the chambers practised .so much recently 
and also aimed at by Niedenfiihr and Liity, must of necessity 
cause a much faster wear and tear of the chambers, so that the 
life of a chamber, instead of twenty to twenty-five years, will be 
only ten or twelve years. Thus, as Neumann asserts, nothing 
original and useful remains of Niedenfiihr’s system, .so much 
commended by Liity. • . 

Schliebs {Z, angew. Gum., 1905, pp. 1900 et seq.f^s had 
most favourable experience with fans placed between the 
Glover and the first chaihber. He further advocates his view 
{ibid., 1906, p. 571). 

Niedenfuhr {Z. angew. Gum., \go 6 , pp. 61 et seq.) replies to 
Rabe and to Neumann. The velocity of the gaseous current 
ought to be as uniform as possible, J)eginning with the Burners; 
hence the resistances should be reduced as much as possible 
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and not vary very much. This leads to placing the fan as 
nearly as possible behind the burners, where it can best act 
against the causes of changes in the composition and velocity 
of the gases. The same consideration leads to a throttling of 
the outlet frory the Gay-Lussac tower, which best takes place 
behind a second fan, placed there. Most sulphuric-acid 
factories now work with fans, and the author has always 
found the best results being obtained where the fan was placed 
in front of the first chamber, not ,‘in the rear p^rt of the 
system; the latter position easily leads toran unhealthy forcing 
of the work. This conclusion, identical with the ideas of 
Falding (supn) p. 755 )) been verified by experiences made 
with tangential chambers (p. C22) without his own concurrence, 
and has led up to a production of 12 kg. and of I.53 sp. gr. per 
cubic metre-—the highe.st ever heard of; even with rectangular 
chambers as much as 11-5 kg. have been realised. The author 
has up to now had to build 28 sets of chambers, and always 
made the same experience. Niedenfiihr then contradicts 
Rabe’s assertion concerning the pressure under which the 
chambers should work, viz., that it is indifferent whether it is a 
plus-pressure or not. He quotes an instance of factories erected 
at great heights, one in Mexico at an elevation of 7000 ft. 
above sea-level, where the production of the chambers per cubic 
space, is distinctly smaller than at lower levels. His best 
results were obtaiired when keeping in the chambers a pressure 
of from 4 to 8 mm. above that of the atmosphere; only then 
there are no places in them where the gases stagnate.—It is 
also very important to keep the temperature in the chambers 
at its most favourable height. For this rea.son in the " high- 
pressure” work the chambers are worked, not with steam, 
but with liquid water in the form of a spray, which is of 
the greatest advantage in chambers of considerable height; 
also t 6 *~ 13 enitrate the gases at not too high a temperature, 
which is best done by dividing the functions of the Glover 
upon two towers (Chap. VI.). Neumann’s opinion that this 
division causes a deficiency in the concentrating action of 
the Glover is refuted by experience, as ^well as his assertion 
concerning*the great wear and tear of “intensely” working 
chambers. « 

Neumann replies to*the above in the same journal, 1906, 
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• i. 

pp. 474 et seq., at great length, but without bringing in any 
new matter. 

Hartmann and Benker(Z. angew. Chfm., 1906, pp. 132 to 137) 
criticise a number of the statements and opinions pronounced 
by the preceding authors, and again insist on placing the fan at 
the end of the .system, between the two Gay-Lussacs, or, if there 
is only one such tower, between it and the last chamber. They 
consiL it wrong to place it in front of the Glover, except m 
the case of mechanical burners, where this is jus1 the right 
place for a fan; but then they put a second fan at the end of 
t^he system (like Falding). In the case of ordinary burners for 
lumps or smalls the upward draught of the gases is sufficient 
bv itself to send them into the chambers ; if increased by a Ian, 
placed between the burners and the fir.st chamber, the pressure 
is too great and the life of the chamber is greatly shortened, 
and too much flue-dust gets into the Glover or even into the 
chamber. If the fan is placed at the end of the system, in front 
of the last Gay-Lussac, the gases enter it cold and 
the fan is not damaged bjj them ; it can be mouibed bdow he 
tower and without stopping the work, and is ^ 

accessible for repairs. In this place it is most efficient for 
overcoming the frictional resistance of the Gay-Lussac tower, 
as well as the difficulties caused by changes of the ^tmosph 
conditions. They had at that time already 5 ° 

sets of chambers with fans in that po.sition, in works of all siz.es, 

and situate in all industrial countries. tTinrential 

Th. Meyer {ibid., pp. $23 to 525 ) defends '"s 
system ’’ and the necessity of placing the fan tn f 
tangential chamber, behind the Glover. 

Hartmann and Benker {ibid., pp. 953 to 95C) assert that 
a Plant erected at Roubaix according to Niedenfuhr s Ger. 
P. 140825 (cf. suprb p. 758) had given.great d'ssaj^ction 
and had been dismounted after eight months wor , P 

the p^nt Ls altered in Hartmann and Benker's plan and 
the plant r in twentv-four hours, 

now produced 12 kg. acid of 53 towers did 

The division of the Glover functions upon two towers did 

not answer, and the^ application of fiigher pressure 

“"Th^ ^2nd Report 'on Alkali Wor^s (for the year 1905). P- l 6 . 

...,L U,, .s. of for cro.t.ng 
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the driught in acid-chambers, nothing but good has been said 
by those manufacturers who have ‘adopted it, when once the 
necessary experience has been gained. The advantages of 
better control arc recognised both by the manufacturer and the 
inspector. Local escapes from the burners certainly can be 
more readily avoided. 

Processes for special modes of introducing the gases into 
the vitriol-chambers will be mentioged later on, e.g. Rabe’s 
Ger. P. ^3756l, for aiding their • movement acjording to 
Abraham’s “spiral” theory. ' , 

Feigensohn {Chem. Zeit., 1906, pp. 851 to 853) contradicts the 
assertions of Raschig concerning the “intense” production of 
acid in the chambers in Z. angcw. Chem., 1905, pp. 1281 et seq. 
{sHprii p. 689). According to him the augmentation of the 
production of acid in a given volume of chamber space by 
means of increasing the circulation of nitrous compounds is not 
conscquejit upon the ri.se of temperature; but this increase is 
nece.ssary in order to stand the manifold larger amount of gases 
passing through, and to allow any gases from leaving the 
chambers without being subjected to the catalysing action of 
the nitrogen compounds. According to his trials, there is more 
loss of nitre when placing the fan nearer the first part of the 
system than further on, and the increase of production of 
sulphuric acid per.iinit of chamber space does not make up for 
the greater loss of nitre. The best place of the fan is between 
two Gay-Lussac towers; in case of employing three such 
towers, between the second and the third, and when employing 
final Lunge towers, in front of these. The working of the 
chambers is then ea.sy; the loss of nitre per too parts of 
chamber-acid produceil is 0 4 to 0-6 parts of HNO3 36° B6. for 
pyrites, or 075 0 8 parts for blende and poor copper ores. 

When working the cliambers at higher pressure, there is more 
sulphu*.* acid produced in the same chamber space, but the loss 
of nitre is greater. The total acidity of the exit-gases increases 
with higher or lower pressure in file first Gay-Lussac, and 
decreases when keeping the pressures alike. The sets working 
according to Lunge yielded exit-gases with the least amount of 
acidity. . * 
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Anemo»ieters. 

Although we have in a previous chapter (p. 451) warned 
against the use of a Combes’ anemometer for regulating the access 
of air to the burners, because it is too delicate jn instrument, 
and because it only shows the draught in the place which it 
occupies, we have here to speak of an anemometer better 
adapted for controlling the draught in vitriol-chambers. This 
is V€c\ti’s differential anemometer as modified b)' h'ietcher and 
Swan. Fletcher’s mt^dification is described in the Third Annual 
Report on the Alkali Act, 1863, by the Inspector, for l86C, pp. 54 
et seq.\ Swan’s in the Transactions of the Newcastle Chemical 
Society, 26th January 1871. I’&let’s anemometer is founded 
upon the physical principle that a current of air passing the 
open end of a tube cau.ses a partial vacuum in the tube. If, 
therefore, a straight tube is introduced through a hole into a 
chimney, or into the draught-pipe taking away the chamber-gas, 
so that the gaseous current passes the open end of the tube at 
a right angle, a partial vacuum will be formed in the latter, 
proportionally to the velocity of the current; but the aspirating 
action of the chimney will be equally communicated to this 
tube. We must here distingui.sh between these two actions. 
To do this, we must introduce two tubes into the chimney, one 
of which ends straight, whilst the other is bent to a right qngle, 
so that the current of air blows into it. Both tubes will now be 
affected by the aspirating action of the chimney; but in the 
straight tube this is increased by the aspirating action of the 
current crossing its open end, whilst in the bent tube it is 
diminished by the air blowing into it. The difference between 
the aspirating action of the two tubes is thus reducible to the 
action of the current of air; and by measuring it the speed of 
that current can be ascertained. For this purpose^ the two 
tubes are connected with a U-shaped glass tube cotrtnining 
water or another liquid ; this will rise in one of the limbs to an 
extent corresponding to the difference of suction. Since the 
sucking-action of the chimney acts upon both limbs, it is 
eliminated, and the difference of level corresponds merely to the 
different action exerted by the current of air upon Nie straight 
tube, which it crosses' and, the beqt one, into which il blows. 
This action rises and falls with the spAd of the current; and 
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the latrer accordingly can be deduced from it. Water (used by 
Pdclet), on account of the friction exercised in the U-tube, is 
only adapted for currents of a greater speed than 5 ft. per 
.second. Fletcher overcame this difficulty thu.s:—In order to 
lessen the friqtion, he employed two cylinders, a a! (Fig. 262), 
of 4 in. diameter, connected at the bottom by a narrow tube, b. 
This arrangement is ten times as sensitive as a U-tube of 0-4 
in. width would be, since the area upon which the pressure acts 
is increased lOO-fold, but the circumference upon which friction 
acts only lo-fold. The rising and falling of the liquid is 



observed by means of metal floats, c c, upon which a very fine 
horizontal line is marked by a lathe ; and the scale, d, provided 
with a vernier and a very fine adjusting-screw, permits the 
differencf of level, r down to P^rt of an inch, to 

be rcaff*^Dfi'. This is possible, not with water, whose mobility, 
owing to its adhesion to the glass, is too slight, but with ether, 
whose adhesion is only that of water. The 

two glass tubes, c and /, are inserted into the draught-pipe, 
k, by means of a cork, g, at right angles^to the current of gas 
(so that it "blows into the bent tube,/), and are connected by 
ela.stic Abes, hi, with a a. ^ 

The form of anemometer shown in Fig. 262 has been 
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simplified by myself, as shown in our la*st edition, p. Fig. 
244. We omit thisr here,* as we shall lower down have to 
describe various new forms of anemometers. 

In the original communication by Mr Fletcher, as well as 
in the first edition of this work (pp. 333 to 335)^ we find the 
mathematical evolution of the laws for a.scertaining the relation 
of the readings to the speed of the currents. We abstain from 
repeating this reasoning l^ere, and merely give the final formula 
found for ascertaining tho velocity of the gaseous»current v 
from the height of tlje column of ether (of 0-740 sp. gr.)-/, 
for any temperature t (in degrees Fahrenheit) ami barometric 
pressure h (in inches) 


V 


a ^9-92 , ^ 5.19^. , ,8 
h 459 +1 


■ 55 - 


The table given on pp. 771 d sc(j., for the speeds corre¬ 
sponding to different readings of the anemometer, is computed 
from the formula 

f'--' V/ X 28 . 55 ; 

and another table is added for correcting the variations in the 
temperature of the current of gas. The corrections for small 
variations in the barometrical pressure arc usually not consider¬ 
able ; but they can be made by means of the above formula— 

28 . 55 , 


» = X 28 . 55 . 

V-' 29.92 


If the pressure is read off in millimetres the number 7^0 is 
everywhere substituted for 29-92; or if the readings are in 
millimetres and the speed in metres per second is reqa+ped to 
be known, the constant 28-^5 is converted into another, accord¬ 
ing to the formula 

28.55 = 1 . 7 . 27 ; 

V25-4 

so that the formula forV' and p' in metrical measures wiil read 

t/=i-727v'7- 
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A Vorrection for the expansion and contraction of the ether 
in the instrument itself is mostly nnnececsary, since it is only 
exposed to the ordinary temperature; it amounts to about 
I per cent, of the speeds shown in the table for each io° F. 
( = S '55 C.) deviation from 6o" F.—more for temperatures below, 
less for temperatures above 6o° F. 

In order to make the readings more exact, first the height 
of ether in one of the limbs is noticed, then the current is 
reversed Jjy connecting the tube ,e with a and / with a’ 
(Fig. 262); another reading is m‘ade;^and thus*'twice the 
difference of prc.ssure caused by the suction at / is found. 
The number thus found is read off in Table 1 , and corrected 
for temperature by Table II. To take an instance, let the first 
reading be 1039, and the second reading, after reversing the 
current, o-86i, the difference will be 0-178. On referring to 
Table I., the speed 12 05 ft. per second will be found. This, 
however, is only true if the temperature of the air is 60° F. 
Should it in the ca.se in question be 520° F., Table II. gives 
the correcting multiplier, 0-7280. This, multiplied by 12-05, 
is 8-772, the true speed of the ciArent if mea.sured at the 
temperature of 60“ F. 

This instrument is not influenced by soot, heat, or corrosive 
vapours; it can be placed at some distance from the flue to be 
tested, if longer elastic tubing be used; and it can, of course, 
be employed both for aspirating and for pressure currents 
(f;^n-blasts, etc.), and as a measure for the speed of atmospheric 
currents. 

Of course, like every other anemometer, Fletcher’s only 
indicates the pre.ssure at the place occupied by its receiving 
portion ; and accordingly the tubes e and / must be introduced 
so far as to reach into the air-current to the extent of about 
one-sixth of the diajneter of the flue. The velocity at this 
placejgjkssumed to be nearly equal to the average; but this is 
very doubtful, and there are no means at present known of 
measuring the absolute quantities <of air passing through a 
flue of any considerable sectional area with any degree of 
certainty. 
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Table I.— Showing%tlu Sjked of Cunents of Air as indicated 
by the Ether Anemometer. 

»= V/x 28.55. 

Temperature 60" Fahr. Barometer 29'3i> in. 


Aoemometer 

reading. 

speed of air. ^ 

Anomometor 

reading. 

j 

S{)et)d of air. 1 

Anetnoiuelor 

fading. 

Speed of air. 

in. 

* fir. per sec. ! 

■» 

in-j 

ft. pur stc 

in. 

* 

ft. por sec. 

0001 

0*(>0i I 

> C* 0.|7 

0*189 

0*093 

8-707 

o-ooa 

1-277 

( *048 

6-255 

0*091 

8-754 

0003 

1.564 

0*049 

6-320 

0-095 . 

8*800 

0-004 

1*806 

0*050 

6-384 

0*096 

8*846 

0-005 

2*019 , 

0*051 

0*448 

C.097 

8*892 

o-oob 

2*212 

0*052 

6*510 

0*098 

8-938 

0*007 

2.389 

0-053 

6-572 

0 -C 99 

s-983 

0*008 

2.554 1 

0054 

6-634 

0*100 

9*028 

0*009 

2.709 i 

0-055 

6-695 

0*102 

9*n8 

0*010 

2-855 I 

0056 

6.756 

0.104 

9-207 

0*0(1 

2-994 ! 

0-057 

6*816 

o*io6 

9.295 

0*012 

3*137 ! 

0*058 

6*876 

0*108 

9-383 

0*013 

3-255 

0*059 

6-935 

0*110 

9.469 

0*014 

3-378 

o*o6o 

6-1,93 

0*112 

9-554 

0*015 

3-497 

o-o6i 

7-051 

0*114 

9-639 

0 ' 0 i 5 

3-6i2 

0*d^2 

7*100 

o*n6 

9-724 

0*017 

3-723 

0*063 

7*i66 

0.118 

9*808 

o*oi8 

3-830 

0*064 

7*223 

C‘120 

9.891 

0019 

3-935 

0*065 

7-279 

Q*12i 

9.972 

0*020 

4-038 

0*066 

7-335 

0*124 

10*053 

C *021 

4*137 

0*067 

7-390 

0*126 

10*13 

0*022 

4-235 

0*068 

7-445 

0*128 

10*21 

0*023 

4-330 

0069 

7*500 

0*130 

10*29 

0*024 

4-423 

0*070 

7-554 

0*132 

ic *37 

0*025 

4-514 

*0*071 

7*608 

0*134 

10-45 , 

0-026 

4*604 

0*072 

7*661 

0-136 

10-53 

0*?27 

• 4*691 

0*073 

7-713 

0-138 

10*60 

0*028 

4-777 

0*074 

7.766 

0*140 

10*68 

0*029 

4*862 

0*075 

7.819 

0*142 

10*76 

0*030 

4-945 

0*076 

7-871 

0*144 

10-83 

0*031 

5-027 

0*077 

7-922 

0*146 

10*91 

0*032 

5-107 

o<J78 

7-974 

0*148 

10-9S 

0*033 

5-IS7 

0-079 

8*025 

0*150 

11*^ 

0*034 

5-265 

0*080 

8-075 

0-152 

11*13 

0*035 

5 - 34 * 

0*081 

8-125 

' 0-154 

.»II *20 

0*036 

5-418 

0*082 

8-175 

0*156 


0*037 

5.492 

0*083 

8*225 

0-158 

n -34 

0038 

5-565 

0*084 

8-275 

o*i 6 o 

11*42 

0-039 

5-638 

O'^S 

8.324 

0*162 

11-49 

0*040 

5 - 7 >o 

o <86 

8-373 

0*164 

11*56 

0*041 

5-781 

0-087 

8-421 

0*166 

11-63 

0*043 

1 5 - 85 ' 

0*088 

8.(69 

0*168 

11*70 

0*043 

5-92 > 

9 0*089 

8-517 

0*170 

11*77 

0*044 

5-989 

0*090 

8-565 

0*172 

• 11*84 

0*045 

6*056 

* 0-091 

8-613 

0*174 

it-91 

0^046 

6-123 

0-09! 

8*660 ^ 

0-176 

11-98 
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0-244 
0 -J 4 * 
0 - 1+8 
0-250 
0-252 
0-254 
0-256 
0-258 
0-260 
0-262 * 
0-264 
0-266 
0-268 
0-270 
0-272 
0-274 
0-276 
0-278 


AnfiTnometoT 

readini;- 

Sl«)ed of air. 1 

in. 

ft. iwr 8 flc. i 

0-178 

* 12-05 

0-180 

12-11 ' 

0-182 

12-18 1 

' 0-184 

12-25 I 

0 -i 86 

12-31 i 

0-188 ^ 

12-38 ' 

0 -l ')0 ’ 

12-45 1 

0-192 

12-51 

0-194 

12-57 j 

0-196 

12-64 

0-198 

12-71 

0-200 j 

12-77 

0-202 1 

12-83 

0-204 1 

12.90 

o-^o 6 

12.96 

0-208 

13-02 

0-210 

13-08 

0-212 

13-15 

0-214 

13-21 

0-216 

13-27 

0-218 

13-33 

0-220 

13-39 

1 0-222 

13-45 

: 0-224 

13-51 

] 0-226 

13-57 

1 0-228 

13-63 

1 0-230 

13-70 

1 0-232 

13-76 

1 o-23t 

13-82 

0-.236 

I 3 - 88 * 

1 0-238 

13-94 

1 0-240 

i3-</) 

1 . 0-242 

14.05 


0-280, 

0-281 


14-n 

14-17 

14-23 

14-28 

14-34 

14-40 

14-45 

14.50 

14.56 

14-62 

14.68 

14-74 

14-79 

14-84 

14-90 

14- 96 

15- 01 
15-06 
15-11 
15-17 


Anemomet«r 

rtiadlni;. 


0-284 
0-286 
0-288 
0-290 I 
0-292 I 
0.294 
0-296 
0-298 
0-300 
0-302 
0.304 
0-306 
0-308 
0.310 
o- 3 r 2 

0-314 

0-316 

0-318 

0-320 

0-322 

0.324 

0-326 

0-328 

0.330 

0-332 

0-334 

0-336 

0-338 

0-340 

0-342 

0-344 

0-346 

0-348 

0-3S0 

0-352 

0-354 

0-356 

0-358 

0-360 

0.362 

0-364 

0-366 

0-368 

0-370 

0-372 

0-374 

0.376 

0-378 

a.380 

0-382 

0-384 

0-386 

0.388 

# 


. , II Anemometfir 
Speed of air. reading. 


ft. per eec. 

15-33 

15-28 

15-33 

15-38 

15-4,4 

15-49 

15-54 

15-59 

15.64 

15-70 

15-75 

15.80 

15-85 

15- 90 

'5-95 

16- 00 
16-05 
16-10 
16-15 
16-20 
16-25 
16-30 
16-^5 
16-40 

16-45 

16-50 
16-55 
16-60 
16-65 
16-70 
i6-75 
16-80 
16-85 
16-89 
16-94 

16- 99 

17- 04 
17-09 

17-13 
17-18 

17-23 

17-28 
17-33 
17-37 

17-42 

l7-<87 

17-52 

17-56 
17-60 

17-65 
17.70 
17-75 

17-79 


I 


in. 

0-390 

0.392 

0-394 

0-396 

0.398 

0-400 

0-402 

0-404 

0-406 

0-408 

0-410 

0-412 

0-414 

0-416 

0-418 

0-420 

0-422 

0.424 

0-426 

0-428 

0-430 

0.432 

0-434 

0-436 

0.438 

0.440 

0-442 

0-144 

0.446 

0.448 

0-450 

0.452 

0-454- 

0-456 

0-458 

0-460 

0-462 

0-464 

0-466 

0-468 

0-470 

0.472 

0-474 

0.476 
0-478 
0-480 
i 0-482 
0.484 
0-486 
0-488 
0-490 
0.492 
0-494 


Spend of air. 


ft. per aec. 

17-83 

17.88 

17-93 

17- 98 

18- 02 
18-06 
18-11 
18-16 

l8'20 

18-24 

18-28 

18-33 

18-38 

18-42 

18-46 

18-50 

i8-55 

i8-6o 

18-64 

18-68 

18-72 

18-77 

18-82 
18-86 
18-90 
18.94 

18- 99 

19- 03 
19-07 
1911 

19 -'5 
19-20 
19-24 

19-28 
19-32 
19-36 
19-41 

19-45 
19-49 
19-53 
19-57 

19-62 
19-66 
19.70 

19-74 

19-78 
19-82 
19-86 
19.90 
19-94 

19- 98 

20 - 02 
20-06 
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Table I. {continued). 



Speed of air. 

Atiemometer ^ 
reading. 

Speed (if air. 

; 

AiiemoinetiT 

reading. 

ft. Iter sec. , 

ill. 

ft. per see. 

1 in. , 

20*10 

0-590 

21-94 

, 0.700 

20*14 

o-6oo 

22*12 

!! 0*750 


o*6io 

22*30 

' 0*^00 


C-620 

22*48 

11 0-850 

20.58 

o‘-630 

22*66 

|; 0*900 

20.78 

o-ao 

22*84 

i! 0-950 

20-98 

! 0*650 

2 3-02 


21.17 

] o-66o 

23*20 

1*250 

21*37 

1 0-670 

23 - 3-8 

1, 1-500 

21*56 

1 o-68o 

23-55 

i 1-750 

21-75 

1 0*690 

23*72 

; 2*000 

1 


t.. per HOC. 
2 J-8') 

24 - 73 

25- 54 

26- 32 

27- 08 

27- 83 

28- 55 
31-93 

34-97 

37-77 

40-37 


Table U.—Sluming the 




I'nlucs of t 


from O to 1000; ('/• Corrections for icmpcraturc. 


i dftgr«eH 
1 Fahrenlitilt. 




Sli) _ 

■4,-10 K- 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 


65 

70 

75 

80 

85 

90 

95 

100 

105 

no 

115 

120 

■25 


1-0634 

1-0577 

1-0520 

1-0464 

1-0409 

1-0355 

I -0302 
1-0250 
10198 
1-0148 
10098 
10049 

I-0000 

0-9952 

0-9905 

0-9858 

0-9812 

0-9767 

0-9723 

0-9679 

0-9636 

0-9593 

0-9551 

0-9509 

0-9468 

0-9)28 


degrefiH 

Fahreiiiieit. 

130 

135 

140 
'45 
♦ ■50 
■55 

160 

' 165 

i 170 

175 

i 180 

I 185 

190 

; 195 

I 200 

: 205 

|i 210 

II 215 

ii 226' 

il “5 

; 230 

235 

li /240 

■' 245 

; '250 

255 - 




5 I» 

4 r.;)-n. 


0-9388 

0-9348 

0-9309 

0-9270 

0-9232 

0-9194 

0-9156 

C-9119 

0-9083 

0-9047 

0-9012 

0-8977 

0-8943 

0-8909 

0-8875 

0-8841 

0-8808 

0-8775 

0-8743 

0-8711 

0-8680 

0-8649 

0-8618 

0-8587 

0-8557 

0-8527 


t, 

/ mu' 1 

rlegrees 

Fahrenheit. 

4 .MI i 1. 

260 

0-84-17 

26s 

0*8467 

2^0 

0*8438 

275 

0-8409 

280 

0-8380 , 

285 

0-8352 

200 

0-8324 

205 

0*8296 

300 

0*8269 

305 

0-8242 

310 

0-S215 

3'5 

0*8189 

320 i 

0*8163 

325 

0.8137 


0,-8 in 

335 


340 

o*8o6o 

345 

0-8035 

350 

0*8010 

355 

0-7985 

360 

0*7060 

365 

0-7936 

370 

0*7912 

375 

- 0-7388 

380 

o-'ijl 65 

385 

0*7842 
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Table II. {continued). 


1 , 

davroBs 

Fahrenheit. 

VI?!"- 1 

459 + f. 

t, 

dflgrcea 

Fahrenheit. 

- 

t, 

degrees 

Fahrenheit. 


J- 

46 U 4 -t. 

/ 51 # 

' 4 W+t. 

390 

0*7819 

595 

0-7017 

800 

0-6420 

395 

0-7786 

600 1 

0-7000 

805 

0-6407 

400 

0-7763 

605 

0-6983 

810 

0-6395 

405 

0.774* 

610 i 

0-6967 

815 

0-6382 

410 

0-7729 

615 

0-6951, 

820 

0-6369 

4>5 

• 0-7707 

620 1 

0-69^ 

825 

0-6337 

420 

0-76S5 

625 1 

0-69 w 

830 

* 0-6345 

425 

0.7663 ! 

630 i 

0-61J03 

< 835 

0-6333 

430 

0-7641 

635 1 

0-6887 

840 

0-6321 

435 

0-7619 

610 

O-O87I 

845 

0-6309 

440 

0-7598 

645 

0-6856 

850 

0-6297 

445 

0.7577 

650 

0-68.11 

855 

0-6285 

450 

0-7556 

655 

0G826 

860 

0-6273 

455 

0-7535 

(ito 

0-6811 

865 

0-6261 

460 

0 - 75*4 

665 

0-6796 

870 

0-6249 

465 

0-7494 

670 

0-6781 

875 

0-6237 

470 

0 - 74 M 

675 

0-6766 

880 

0-6225 

475 

0-7454 

680 

0-6751 

885 

0-6214 

480 

0-7434 

685 

0-6736 

890 

0.6203 

485 

0 - 74*4 

690 

0-67:1 

895 

0-6192 

490 

0-7394 

695 

0-6706 

900 

*0-6181 

495 

0-7375 

700 

0-6691 

903 

0.6169 

500 

0-7356 

705 

0-6678 

1 9*0 

0-6158 

505 

0-7337 

710 

0-6662 

! 9*5 

0-6147 

5!0 

0-7318 

; 715 

0-6648 

1 920 

0-6136 

515 

0-7299 

1 720 

0-6634 

; 923 

od>I25 

520 

0-7280 

725 

0-6620 

930 

0-6114 

525 

0-7261 

1 730 

0.6606 

935 

0-6103 

530 

0-7243, 

1 735 

0-6592 

940 

0-6092 

S 3 S 

0-7225 

740 

0-6578 

9+5 

0-6081 

540 

0-7207 

745 

0-6565 

950 

0-6070 

4 545 

0-7189 

750 

0-65 5 J 

955 

0-6059 

550 

0-7171 

755 

0-6538 

1 9^0 

0-6048 

S 5 S 

0-7153 

760 

0-6524 

965 

' 0-6037 

560 

0-7137 

765 

0-6511 

970 

0-6026 

565 

0-7119 

770 

0-6498 

975 

0-6015 

570 

0-7102 

775 

0-6485 

980 

0-6004 

575 

0-7085 

; 780 

0-6472 

985 

0-5994 

580 

0-7068 

785 

o- 6»59 

990 

0-598+ 

5«5 

0-7051 

790 

0-6446 

i 995 

0-5974 

590 

_ / 

0-703+ 

i 795 

0-6433 

1000 

j 0-5964 


Fletcher’s anemometer has been improved by Swan in the 
following way, practically returning to P6clet’s original con¬ 
struction (a similar plan has been independently proposed 
by P. Hart, Chem. News, xxi. p. 200). In lieu of the 4-in. 
cylinders he takes a U-tube of } in. diaiheter, narrowed in the 
bend (o diminish the oscillations. The’’tube is 10 in. long, and 
placed with an incliil.rtion of each limb has a scale 
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and vernier, the latter partly made of glis and covering at the 
same time the scale ^nd thj tube, so that it is easy to read off 
tJtt in. The ends of the tube are connected with a two-way 
cock, so that the current can be rever.sed without opening any 
joint. Fig. 263 shows the instrument as seen fjom above, so 
that its inclination to the vertical line does not appear. It is 
fixed on a stand provided with a spirit-level and adjusting- 
screws. It is employed just like Fletcher’s anemometer; but, 
owing to the inclination ef 1 : 10, the column of e?her in the 
tube occupies ten tin%es the space corresponding to its height, 
and the reading of .Jf, in. gives thus the same result as the 
very difficult one to .oVb in. in Fletcher's instrument. The 
narrowness of the tubes does not matter in the case of ether, as 



the friction may be entirely neglected with this substance (Uie 
later form.of Fletcher’s anemometer, shown in Fig. 262, bears 
this out as well). Swan’s anemometer must always be placed 
exactly level in the direction of its length; but it need not be 
levelled across, if a reading be made in one limb, the two-way 
cock turned, and the new reading in the same limb subtracted 
from the first; thus it is unnecessary to rc^d off at both limbs, 
which would involve levelling across as well. The sf^ds are 
found from Fletcher’s table, dividing the readings by 10. 

Other instruments fflr measuring the draught are, for 
instance, those of Kretz {Dingl. polyt. /., cxc. p. 16), of Rams- 
bottom (ibid., clxxx. p. 334), of Scheurer-Kestner (ibid., cevi. 
p. 448, and ccxxi. p. 427), none of which can vie with Fletcher's 
in sensitiveness. Thfi very ingenious anemometer ofIHurter 
(fbid., ccxxix. p. 160) is only adapted dor laboratory use. Cf 

3 D. 
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also Biurdon's multiplying anemometer {Comptes rend., xciv. 
p, 5 ; Soc. Ckem. Ind., 1882, p. 60).' ' 

One of the most delicate anemometers is Fryer’s, described 
in the Inspector’s Report on the Alkali Acts for 1877-1878, p. 68. 
Us principle js to measure the difference of pressure on each 
side of a watch-glass shaped copper plate connected with a 
spiral spring. It will measure a 



pressure of yiyVir of ’noh. 

Recently differential anemo¬ 
meters on another principle have 
come into use very largely, and 
.seem to be preferable to all others. 
There are already a good many 
forms of this apparatus, one of the 
best known being that of Professor 
Segcr (Ger. P. 19426), shown in 
Fig. 264. The calibrated U-tube A 
is surmounted by two cylindrical 
cups, H and C, of equal width. 
The board on which it is fastened 
also carries the sliding-scale D, 
adju.stable by slits a a and screw- 
pins, b b. The tube is filled with 
two not miscible liquids, for in¬ 
stance heavy paraffin oil and dilute, 
coloured spirits of wine, of nearly 
equal specific gravity, to such an 
e.'ctent that the zero-point of the 
scale D can be put exactly at the 
line of contact of both liquids at 
X. If an aspirating force is act- 


264. ''’K o*' surface of the liquid in 

C, which raises the level in that 


part of the tube, the point X will be lowered at a multiplied 
ratio, corresponding to the difference in the sectional area of 


the narrow part of A and the enlargement in C. If, for instance, 


the ratio of the sections is as i : 20, a difference of pressure of 
I mm. will be indicated on the scale by* a sinking of X to the 
amountiof 20 mm. The scale is graduateB in such a way that 
it indicates the pressuie expressed in millimetres of water. 
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This instrument is much cheaper and easier to ha’Alle than 
those constructed dn Peclet’s piinciple and quite as accurate. 

A very sensitive pressure-gauge has been described by 
Vogt (/. prakt. Chem., xiv. p. 284). The pressure is observed 
by the movement of a smali air-bubble playingjna horizontal 
glass tube of 4 or 5 mm. diameter. The glass tube, besides 
this bubble, is filled with water or another liquid, and is con¬ 
nected on each side witli a bottle tubulated near the bottom. 
One of th^se bottles is 15 to 16 c.c., the other 6 to*8 c c. wide; 
the liquid stands at the same level in each. The pressure 
within the lead chamber is made to act upon the surface of 
the liquid in one of the bottles, and its amount measured by the 
position of the air-bubble. The apparatus is all the more 
sensitive the greater the difference between the diameter of the 
tube and that of the bottles. There is a contrivance for 
admitting a bubble of air previous to using the apparatus, and 
for again equalising the levels after use. 

A very simple pressure-gauge, sufificicntly .sensitive for 
ordinary purposes, is shown in Fig. 265 (from Sorcl, Industries 



FlO. 26$. 

* 

Chimiques, p. 142). The tube a has an inclination from the 
level in the proportion of i : 10; it is connected with a reservoir 
A, I i or 2 in. wide, upon which the pressure is .brought to 
act by the elastic tube c (if there is suction, the vesifcl to be 
tested must be connected with the bulk d). The gauge is filled 
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with a feiixture of water and spirit of wine coloured with 
magenta or otherwise. As the moveifient of the liquid in the 
bulb b can be neglected, any movement of the liquid in the 
tube a, as measured on the scale e, corresponds to one-tenth 
of its extent m real height. If, for instance, each degree on 
the scale is = [V in., it indicates a real pressure of in. It 
is best to cause the liquid to move before each observation, 
in order to counteract the effect of frictipn within the tube. 

The meaturement of the velocity of, a current of gas can be 
carried out by measuring the pressures before and Ijehind a 
throttling arrangement interposed in the conduit-pipe. On 
this principle is constructed the instrument of Dr H. Rabe 
(Ger. P. 111019), described in Z. angew. Chem., 1900, p. 236; 
1901,9.950; 1903,9. 136. 

General Remarks on the Measurement of the Draught. 

Rabe (Z. angew. Chem.., > 905 , P- > 735 ) draws attention to 
erroneous ideas frequently entertained on the indications given 
by pressure-gauges and anemometers. It is a mistake to 
assume that the velocity of a gaseous current can be directly 
inferred from the indication of the pressure-gauge. They 
merely show the difference of pressure between the apparatus 
to which they are attached and the outer air. It is different 
with “ anemoineteiw ” like those described above, where both 
limbs of the instrument shaped in a special way are introduced 
into the apparatus, whereas in ordinary pressure-gauges only 
one of the limbs is connected with the apparatus to be tested. 
By “ velocity of the current of gas ’’ we must understand the 
proportion of the quantity of the gas to the unit of time which 
the gas takes to pass through a unit of space in the apparatus, e.g., 
if locb.m. of the gas pass through 1 cb.m, of the apparatus in one 
second, wq speak of a< gas-velocity = 10; indifferently, whether 
the conduits are wide or narrow, and whether the apparatus is 
empty or filled with packing, since only the space really 
occupied by the gas is taken into consideration. Nor does 
any throttling change the proportional velocity of the gas in 
the parts in front or behind, since the njovement takes place 
on both sides of the throttling-valve. Hence it is indifferent 
in wbich*part of the chamber, system fhe tfirottling takes place, 
whether before the air feters the burners, or where the gases 
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enter inlu the chambcrl, or between the single chambers, or 
in front of or behind the Gay-Lussai; in eiery case the whole 
of the gas is influenced in the same way, in spite of the view 
of many “ practical ” men differing from this. These considera¬ 
tions also appl^ to the action of the fan-bla.st spoken of suprh 
(pp. 735 et seq). 

Calculntum of the Voluvie of Chavibcr-gascs accoi ding to 
, Temperatiire <wd Mqisture. 

I • 

In all calculations concerning chamlfer-gases it is not 
sufficient to take into account the difference of temperature and 
barometric pre.ssure from the normal state of o' and 760 mm., 
but the amount of moisture present in the chamber-atmosphere 
must be equally brought into the calculation. It is evidently 
impo.ssible to do this on the assumption that the tension of 
aqueous vapour within the chambers is that ordinarily existing 
for any given temperature ; the presence of sulphuric acid, not 
merely at the bottom but all over in the shape of mist, greatly 
changes the aqueous-vapour tension according to the varying 
strength of the acid, rhe tables of Regnault and Sorel, given 
on pp. 311 and 312, would admit of making the calculation in 
the proper manner; but it will be more convenient to consult 
the table on p. 779 (calculated by Sorel), which immediately 
gives Jhe volume oteupied by a cubic metre (or cubic foot) of 
air, originally at cf C. and 760 mm. pressure, after being brought 
into> equilibrium of temperature and vapour-tension with dilute 
sulphuric acid of varying strength and temperature, bufvvithout 
any change of pre.ssure. 



